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Abstract
Background: Substantial evidence has established links between air pollution and increased
risks of overall morbidity and mortality, especially for respiratory and cardiovascular
diseases. However, little research has explored these relationships among highly sensitive
populations, such as renal transplant recipients. Despite the improvement in quality of life
after renal transplantation, cardiovascular diseases (CVD) are major causes of graft loss and
mortality. The present study was designed to assess the association between long-term
ambient fine particulate matter (PM2.5) and risk of CVD-related mortality, including CHD,
stroke, sudden cardiac arrest, and CHF, among renal transplant recipients.
Methods: This retrospective cohort study consists of transplant data from 2001 to 2015, and
includes 93,857 non-smoking, adult renal transplant recipients who have lived in the
© 2019 by the author. This is an open access article distributed under the
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unrestricted use, distribution, and reproduction in any medium or format,
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contiguous United States at the same location throughout the study period. Annual-average
concentrations for the three ambient air pollutants (PM2.5, O3, and NO2) were assigned to
subjects’ residential ZIP codes. Cox proportional hazard models were used to assess the
association between PM2.5 and CVD mortality risk.
Results: In the multivariable-adjusted models, a 10 ug/m3 increase in ambient PM2.5 levels
was associated with increased risk of total CVD (HR=1.85, 95 % CI: 1.57 – 2.17), CHD
(HR=2.20, 95 % CI: 1.53 – 3.17), stroke (HR=1.82, 95%CI: 1.15 – 2.89), and cardiac arrest
(HR=1.77, 95% CI: 1.42 – 2.19). There was no clear association between PM2.5 and risk of CHF
mortality.
Conclusions: The findings of this study provide strong evidence supporting an adverse effect
of ambient PM2.5 in this vulnerable group. Positive associations were found between PM 2.5
and all CVD mortality outcomes, except CHF mortality. Our findings raise the question of
whether increased emphasis should be placed on implementing preventive strategies to
lessen the impact of air pollution on CVD risk.
Keywords
Air pollution; fine particulate matter; cardiovascular disease; mortality; renal transplantation

1. Introduction
Cardiovascular disease (CVD) is the leading cause of death in the United States, responsible for
more deaths than cancer and chronic lower respiratory disease combined, according to 2015
statistics from the American Heart Association [1]. While heart disease is a concern for the
population as a whole, some groups are at greater risk for developing and dying from CVDs. One
such vulnerable group is renal transplant recipients [2, 3]. The incidence for CVDs is much higher
among people with end-stage renal disease (ESRD) and continues even after renal transplantation,
which can be partially explained by commonly shared risk factors between ESRD patients and
renal transplant recipients, such as hypertension, diabetes mellitus, obesity, and dyslipidemia [4-6].
For most patients with ESRD, renal transplantation is the treatment of choice [7]. Transplantation
has been associated with better health outcomes and lower health care costs compared with
dialysis. In 2015 alone, a total of 18,805 kidney transplant procedures were performed in the U.S.,
with 83,978 patients on the waiting list for kidney transplantation [7]. Despite the gains in overall
health, renal transplant recipients are still at much higher risk of morbidity and mortality from CVD
compared to the general public, identifying a critical need for reducing CVD among this vulnerable
population [2, 3, 8, 9].
In addressing CVD risk among renal transplant recipients, it is important to consider risk factors
and identify potential opportunities for intervention. In addition to the traditional risk factors,
numerous epidemiological studies have linked ambient air pollutants, especially fine particulate
matter, with CVD morbidity and mortality [10-20]. In 2015, ambient PM2.5 pollution alone was
classified as the fifth-ranking mortality risk factor worldwide [13]. Approximately 4.2 million
deaths and 130.1 million disability-adjusted life-years have been attributed to ambient PM2.5 levels,
causing a 20% increase in death compared with 1990 estimates [13]. Moreover, higher risk rates
Page 2/114

OBM Transplantation 2019; 3(4), doi:10.21926/obm.transplant.1904095

associated with ambient air pollutant levels have been observed among subpopulations, such as
renal transplant recipients [18], smokers [21], females [22, 23], and people with diabetes [24-26].
In contrast, a reduction in PM2.5 levels and change in the composition of PM2.5 has been linked to a
decline in CVD morbidity and mortality [27-30].
To date, very few studies have assessed the potential adverse effects of ambient air pollutants
on renal transplant recipients, and even fewer studies have focused on particulate matter. In 2011,
Spencer-Hwang, et al., reported a positive association between ambient O3 levels and risk of CHD
mortality (RR=1.34; 95% CI, 1.03 – 1.76) among renal transplant recipients during the 7 year study
period [18]. However, the researchers did not find a significant association between CHD mortality
and ambient PM10 levels (RR=0.95; 95% CI, 0.79 – 1.15). Unfortunately, this study lacked data on
ambient PM2.5 levels, which are more strongly associated with CVD mortality than PM 10 [11, 23,
31].
While PM10 has been significantly associated with adverse health outcomes [32, 33], it is
thought that PM2.5 can have a stronger effect, since its smaller particle size can penetrate deeper
into the lungs, and is more easily transported into the blood stream, where it can cause greater
damage [34].
In a 2016 study of mice, Nemmar, et al. found a significant association between prolonged
exposure to diesel exhaust particles, consisting primarily of particulate matter, and the
aggravation of chronic renal failure due to oxidative stress, inflammation and DNA damage [35].
There are few studies on the relationship between ambient air pollution and health outcomes
among renal transplant recipients in general, and especially that of fine particulate matter. The
purpose of this study was to assess the association between annual levels of ambient fine
particulate matter (PM2.5), and risk of CVD-related mortality, including CHD, stroke, sudden cardiac
arrest, and CHF after controlling for potential confounders among renal transplant recipients in
the United States.
2. Materials and Methods
2.1 Study Population
Study participants were identified from the U.S. Renal Data System (USRDS), a national data
repository containing extensive demographic (including updated residential ZIP codes), diagnostic,
hospital site, and mortality data for persons living with ESRD [7].
The study population (N=106,354) includes renal transplant recipients, 18 years and older, who
had their first transplant procedure between 2001 and 2015, with a minimum of one year of graft
survival, and who have lived in the contiguous U.S. at the same ZIP code throughout follow-up.
Subjects were followed until date of CVD mortality or censoring, which occurred at the time of
death due to other causes or at the end of the follow-up period (12/31/2015). Subjects with
prevalent CVD (n=9,269) at the time of transplant and, in addition, current smokers without CVD
(n=3,228) were excluded (Table S1). Thus, the final analytic study population consists of 93,857
non-smoking renal transplant recipients.
The study was approved by the Loma Linda University Institutional Review Board (IRB) as
required.
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2.2 Outcome Assessment
Fatal cases of CHD were identified from the USRDS using the Centres for Medicare &
Medicated Services (CMS) ESRD Death Notification codes (Table S2 in the Supplement) [36].
Primary cause of death among renal transplant recipients was used to classify study participants
into cases and non-cases based on the mortality categories in the ESRD Death Notification Form
[37]. The following are the fatal CVD outcomes assessed and their definitions:
Total CVD mortality: A subject classified with a total CVD mortality event if the underlying
cause of death was CHD, CHF, stroke or sudden cardiac arrest as they are defined below.
CHD mortality: Underlying cause of death was myocardial infarction or atherosclerotic heart
disease.
CHF mortality: Underlying cause of death was congestive heart disease.
Stroke mortality: Underlying cause of death was cerebrovascular accident, including
intracranial haemorrhage or ischemic brain damage/anoxic encephalopathy.
Sudden cardiac arrest mortality: Underlying cause of death was cardiac arrhythmia or cardiac
arrest, cause unknown.
2.3 Pollutant Exposure Assignment
To obtain robust estimates of air pollutants, integrated empirical geographic (IEG) regression
models developed by Kim et al were used to calculate the annual-average concentrations of PM2.5,
O3 , and NO2 after adjusting for several important geographical factors, including land use and
population density [38-40]. In addition to satellite-derived estimates of air pollution levels, the
daily measurements of air pollutants at all Air Quality System (AQS) monitoring sites from U.S.
Environmental Protection Agency data repository were used to build the IEG regression models
[39]. The air pollutant estimates can be obtained from the Center for Air, Climate, and Energy
Solutions (https://www.caces.us/data). Further details on the estimation method and model
building are explained elsewhere [39]. The annual mean concentrations of ambient PM2.5, O3 and
NO2 from 2001 to 2015 were assigned to each individual based on residential ZIP codes using
geographical information system software (GIS). Yearly levels of ambient air pollutants were
assigned based on changing attained-age risk sets. These estimates were then merged with USRD
data for each subject.
2.4 Potential Confounding Variables
The USRDS database encompasses a wealth of information on several important factors used to
adjust for potential confounding effects, including demographics, lifestyle factors, medical history,
and transplant-related factors. Covariates were added to the models with a-priori specification
and included age; gender; race; primary cause of ESRD (diabetes, hypertension, primary
glomerulonephritis, polycystic kidney disease, other factors); length in years from first ESRD
services to first transplant (0-1, 2 -5, 6 - 10, 10+ years); donor type (deceased/living); ESRD
network categories (low, medium, high transplant ratio); BMI categories (< 18.5, 18.5 - <25, 25 <30 , 30+); types of anti-rejection medications (e.g., cyclosporine [yes/no] or tacrolimus [yes/no]);
history of hypertension (yes/no), and history of diabetes (yes/no). Anti-rejection medications were
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evaluated on an intention-to-treat basis. ESRD regional networks were classified based on their
standardized transplant ratio [41].
2.5 Statistical Analysis
Descriptive statistics for demographic and health characteristics in the overall study cohort
were calculated according to quartiles of annual average PM2.5 levels (ug/m3) and given as mean ±
standard deviation for continuous variables, and a number with valid percentages for categorical
variables. Pearson Chi-square and one-way ANOVA were performed to evaluate the associations
between these demographic and health characteristics and PM2.5 quartiles after assessing the
assumptions of these statistical tests.
Time-dependent Cox-proportional hazard regression models with attained age as the time
variable and left truncation by age at time of transplant were used to estimate the association
between PM2.5 and risk of total CVD, CHD, stroke, sudden cardiac arrest and CHF mortality after
adjusting for covariates. Ambient air pollutant levels were assigned within Cox regression models
as a 1-year average incrementing yearly for each risk set.
The baseline Cox regression model was developed based on an a-priori specification that
included PM2.5, gender, race and years since first transplant. Primary cause of ESRD (diabetes,
hypertension, primary glomerulonephritis, polycystic kidney disease, other factors), length in years
from first ESRD services and first transplant (0-1, 2 -5, 6 - 10, + 10 years), donor type, ESRD
Network categories (low, medium, and high STR), BMI categories (< 18.5, 18.5 - <25, 25 - <30, 30
+), and immunosuppressive medications (cyclosporine and tacrolimus) were added to the final
model.
Considering the change in the ambient levels of PM 2.5 in the last few decades, PM2.5 categories
were created by calculating the medians of 25th, 50th and 75th percentiles for the annual PM2.5
concentrations from 2001 through 2015. The linearity assumption for the main exposure variable
with mortality outcomes was assessed graphically by plotting the estimated coefficients of PM 2.5
quartiles; this was met for all outcomes except CHF.
Additionally, we assessed the relationship between PM2.5 quartiles and mortality outcomes.
Time-dependent variables were included in the final model if the proportionality assumption was
not met, and the effects were reported at an average age of 60 years as indicated in Table 1 and
Table 2.
Sensitivity Analysis was also done where we included the 9,269 who were excluded at baseline
because of prevalent CVD. We assessed each of the mortality outcomes using the same singlepollutant full model as was used in the analytic population (Table 1)
SAS (version 9.4; SAS Institute, Inc., Cary, NC, USA) was used to perform the main analyses of
the study. ArcGIS Desktop (release 10.6; Esri, Redlands, CA, USA) was used to geocode air
pollutant levels and create maps.
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Table 1 Multivariable adjusted hazard ratios for CVD fatal events per 10 ug/m3
increment of PM2.5: Single pollutant model.

Outcome (Mortality)
Total CVD
CHD
Stroke
Cardiac arrest
CHF
*Adjusted

Basic Model*
N= 92,965
# events
HR (95%CI)
3,000
2.48 (2.13, 2.90)
607
3.17 (2.27, 4.43)
385
2.77 (1.81, 4.25)
1,768
2.42 (1.98, 2.96)
240
1.28 (0.73, 2.25)

Single Pollutant Full Model**
N=85,171
# events
HR (95%CI)
2,783
1.85 (1.57, 2.17)¥
564
2.20 (1.53, 3.17)
358
1.82 (1.15, 2.89)
1,643
1.77 (1.42, 2.19)¥
218
0.85 (0.50, 1.44)

for all of the following variables: sex, race, and years after transplant.

**Adjusted

for all of the following variables: sex, race, years after transplant, primary cause of ESRD, length in

years from first ESRD services and first transplant, donor type, ESRD network categories, BMI categories, and
immunosuppressive medications; ¥ Effect estimates at attained age of 60 yrs. using time-dependent variables.

Table 2 Multivariable adjusted hazard ratios for CVD fatal events per 10 ug/m3
increment of PM2.5: Two pollutant models with Ozone and NO2.

Outcome (Mortality)
Total CVD
CHD
Stroke
Cardiac arrest
CHF
*Adjusted

Full model adjusted for O3
N=85,171
# events
HR (95%CI)
2,783
2.05 (1.71, 2.45) ¥
564
2.19 (1.45, 3.31)
358
2.07 (1.23, 3.47)
1,643
1.95 (1.55, 2.45) ¥
218
1.27 (0.70, 2.28)

Full model adjusted for NO2
N=85,171
# events
HR (95%CI)
2,783
2.30 (1.87, 2.82) ¥
564
2.95 (1.86, 4.67)
358
3.20 (1.76, 5.81)
1,643
2.02 (1.54, 2.63) ¥
218
0.95 (0.46, 1.35)

for all of the following variables: sex, race, years after transplant, primary cause of ESRD, length in

years from first ESRD services and first transplant, donor type, ESRD network categories, BMI categories, and
immunosuppressive medications; ¥ effect estimates at attained age of 60 yrs. using time-dependent variables.

3. Results
3.1 Study Population
The study population included 93,857 non-smoking renal transplant recipients from across the
entire continental U.S. (Figure 1) who had lived at the same ZIP code during the entire follow-up
period. During a median follow-up of 14.91 years, 3,082 fatal CVD cases were reported, of which
624 were due to CHD; 245 to CHF; 1,810 were cardiac arrests, and 403 were due to stroke. The
annual levels of ambient air pollutants are displayed in Table 3. When comparing demographics
and health characteristics of the study cohort across differing categories of ambient PM2.5,
significant differences in some of these factors were observed, especially among those in the
highest quartile of PM2.5 (> 12 ug/m3). Transplant recipients in the highest quartile were more
likely to be non-white; female; underweight (BMI<18.5); have received a kidney from a cadaveric
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donor; have ESRD attributed to diabetes or hypertension; have a longer period between first ESRD
service and first transplant procedure, and to be registered within the ESRD network with a low or
medium transplant ratio (Table 4). On the other hand, there was no significant difference in years
since the first transplant between the PM2.5 quartiles (Table 4).

Figure 1 Distribution of renal transplant recipient cohort subjects (age >18 years and
transplanted between Jan 2001 – Jan 2015) by county.
Table 3 Annual levels of PM2.5, O3, and NO2 by calendar year.

Year
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

PM2.5(ug/m3)
Median (Min – Max) *
12.57 (01.78, 27.38)
12.26 (02.20, 26.34)
11.94 (02.53, 25.65)
11.75 (01.81, 23.84)
12.66 (01.42, 20.48)
11.55 (01.52, 18.81)
11.83 (01.77, 20.73)
10.63 (01.82, 21.23)
09.39 (02.30, 18.27)
09.56 (01.82, 15.21)
09.60 (02.18, 14.94)
09.02 (02.52, 13.37)
08.64 (02.34, 19.06)
08.63 (02.14, 19.27)
08.19 (01.94, 15.67)

O3(ppb)
Median (Min – Max) *
51.21 (27.27, 66.84)
53.81 (27.87, 65.14)
49.00 (25.29, 64.50)
46.32 (27.35, 63.51)
50.69 (24.14, 63.42)
49.53 (31.46, 63.45)
49.74 (28.16, 64.81)
48.03 (28.13, 60.32)
43.25 (28.42, 57.16)
46.79 (19.92, 60.26)
47.52 (24.25, 62.14)
49.78 (24.36, 63.41)
44.42 (25.62, 58.09)
44.17 (27.59, 56.94)
45.18 (27.12, 58.35)

NO2 (ppb)
Median (Min – Max) *
11.66 (01.13, 36.79)
11.80 (00.26, 37.66)
10.99 (01.00, 37.12)
09.76 (00.17, 35.87)
10.36 (00.08, 36.21)
09.29 (00.19, 34.36)
08.78 (00.39, 32.72)
08.01 (00.26, 31.37)
06.92 (00.23, 35.31)
06.96 (00.69, 31.34)
07.08 (00.36, 31.50)
06.67 (00.34, 28.63)
06.30 (00.01, 25.84)
06.08 (00.20, 25.03)
05.92 (00.41, 24.26)

*Median (Minimum – Maximum); ppb = part per billion)
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Table 4 Demographic and health characteristics of overall study cohort according to quartile of annual average of PM2.5 (ug/m3).
Characteristic

Q2
Median (Min – Max)
9.94 (>9.0 – 10.6)
52.2 ± 12.9

Q3
Median (Min – Max)
11.3 (>11.6 – 12.0)
52.4 ± 13.0

Q4
Median (Min – Max)
12.7 (>12.0 – 18.4)
51.8 ± 13.3

Standardized
Difference

Age at transplant: (years (mean ±SD)) *β

Q1
Median (Min – Max)
7.7 (2.1 – 9.0)
52.7 ± 13.0

Years since 1st transplant: (mean ±SD)) *

6.7 ± 3.7

6.7 ± 3.7

6.7 ± 3.7

6.7 ± 3.8

<0.001

Gender: n (%) **β
Male
Female
Race: n (%) **β
White
Black
Other
Donor type: n (%) **β
Cadaveric
Living
BMI categories: n (%) **β
< 18.5
18.5 - < 25.0
25.0 - < 30.0
30.0 +
Elapsed time between first ESRD service
and transplantation: n (%) **β
0 - 1 Year
2 - 5 Year
6 - 10 Year

0.054

0.010
16,153 (60.6)
10,501(39.4)

15,446 (59.9)
10,325 (40.1)

14,570 (59.6)
9,869 (40.4)

8,855 (59.2)
6,112 (40.8)
0.181

21,690 (81.5)
2,808 (10.5)
2,133 (08.0)

18,498 (71.9)
5,577 (21.7)
1,667 (06.5)

15,966 (65.5)
6,783 (27.8)
1,645 (06.7)

9,508 (63.7)
4,313 (28.9)
1,096 (07.4)
0.048

14,866 (55.8)
11,772 (44.2)

14,918 (58.0)
10,826 (42.0)

14,822 (60.7)
9,583 (39.3)

9,275 (62.1)
5,669 (37.9)
0.033

688 (02.7)
8,504 (33.1)
8,614 (33.5)
7,915 (30.8)

738 (03.0)
7,595 (30.9)
8,029 (32.6)
8,239 (33.5)

689 (03.0)
7,266 (31.4)
7,491 (32.4)
7,679 (33.2)

431 (03.1)
4,764 (33.8)
4,593 (32.6)
4,311 (30.6)
0.105

16,438 (61.7)
8,637 (32.4)
1,446 (05.4)

15,334 (59.5)
8,569 (33.3)
1,703 (06.6)

14,004 (57.3)
8,352 (34.2)
1,918 (07.9)

7,518 (50.2)
5,404 (36.1)
1,877 (12.5)
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+ 10 Year
Transplant network ratio groups: n (%)**β
Low
Medium
High
Primary cause of ESRD: n (%) **β
Diabetes
Hypertension
Glomerulonephritis
Cystic kidney
Other urologic
Other cause

139 (0.5)

166 (0.6)

166 (0.7)

173 (01.2)
0.202

6,407 (24.1)
8,846 (33.2)
11,407 (42.8)

10,211 (39.6)
6,198 (24.1)
9,363 (36.3)

8,535 (34.9)
8,973 (36.7)
6,932 (28.4)

5,924 (39.6)
5,934 (39.6)
3,114 (20.8)
0.107

7,639 (30.2)
3,697 (14.6)
7,047 (27.8)
3,773 (14.9)
570 (02.3)
2,583 (10.2)

7,194 (29.6)
4,706 (19.4)
6,447 (26.6)
3,088 (12.7)
486 (02.0)
2,348 (09.7)

6,710 (29.4)
5,041 (22.1)
5,848 (25.6)
2,686 (11.8)
399 (01.8)
2,165 (09.5)

4,255 (30.7)
3,531 (25.5)
3,432 (24.8)
1,288 (09.3)
211 (01.5)
1,142 (08.2)

*ANOVA; **Chi-square
β

P-value <0.05
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3.2 Total CVD Mortality Risk
3.2.1 Single-Pollutant Models
The basic model showed a strong and significant association between each 10 ug/m 3
incremental increase in ambient PM2.5 and total CVD mortality (HR=2.48, 95% CI: 2.13 – 2.90). The
estimate was slightly attenuated in the multivariable-adjusted full model with time-interaction
adjusting for demographics and transplant-related factors (HR=1.85, 95% CI: 1.57 – 2.17) (Table 1).
3.2.2 Two-Pollutant Models
Compared with the single-pollutant full model, the hazard ratio for each 10 ug/m3 increase in
PM2.5 for total CVD mortality, after adjusting for O3 and NO2 in two separate models, was
somewhat strengthened, with HR=2.30 adjusting for NO2 HR=2.05 in the model with O3 (Table 2).
3.2.3 Models with PM2.5 Quartiles
In the single multivariable-adjusted full model with quartiles of PM2.5 as the exposure variable,
the hazard ratio for the fourth quartile was 40% higher compared to the first quartile (HR=1.40, 95%
CI: 1.24 – 1.59) (Table 5).
In the two-pollutant models, the hazard ratios for the fourth quartile were higher than the first
quartile also after adjusting for O3 and NO2, 47% and 55%, respectively (Table 5).
3.3 CHD Mortality Risk
The strongest associations between ambient PM2.5 and mortality outcomes were found for CHD,
except when adjusted for NO2, where the association with stroke was somewhat stronger (Table 1
and 2).
3.3.1 Single-Pollutant Models
The basic model showed that for each 10 ug/m3 increase in ambient PM2.5, CHD mortality
increased three-fold (HR=3.17, 95% CI: 2.27 – 4.43), but was somewhat attenuated to 120%
increase in the multivariable-adjusted full model (HR=2.20, 95% CI: 1.53 – 3.17) (Table 1).
3.3.2 Two-Pollutant Models
Compared with the single-pollutant full model, the strength of association between a 10 ug/m 3
increase in ambient PM2.5 levels and risk of CHD mortality was further strengthened after adjusting
for NO2 (HR=2.95) (Table 2), but remained virtually unchanged in the two-pollutant model with O3
(HR=2.19).
3.3.3 Models with PM2.5 Quartiles
In the single multivariable-adjusted full model with PM2.5 as a categorical variable, the hazard
ratio for the fourth quartile was 86% higher than for the first quartile (Table 5).
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In the two-pollutant models, comparing Q4 with Q1, the association with fatal CHD after
adjusting for O3 was somewhat attenuated (HR=1.87) (Table 5) while the association was virtually
the same after adjusting for NO2 (HR=2.22) (Table 5).
Table 5 Multivariable-adjusted hazard ratios for CVD fatal events per quartile of PM 2.5:
Single and two pollutant models.

Q1
(1.4 - <9.0) *
Outcome
HR (95%CI) **
(Mortality)
Total CVD¥
Model 1
1.00
β
Model 2
1.00
α
Model 3
1.00
CHD
Model 1
1.00
β
Model 2
1.00
α
Model 3
1.00
Stroke
Model 1
1.00
β
Model 2
1.00
α
Model 3
1.00
¥
Cardiac arrest
Model 1
1.00
β
Model 2
1.00
α
Model 3
1.00
CHF
Model 1
1.00
β
Model 2
1.00
α
Model 3
1.00
**Adjusted

Quartiles of PM2.5 Level (ug/m3)
Q2
Q3
*
(9.0 - <10.6)
(10.6 - <12.0) *

Q4
(12.0 - <27.4) *

HR (95%CI) **

HR (95%CI) **

HR (95%CI) **

ptrend

1.13 (1.03, 1.23)
1.15 (1.05, 1.26)
1.17 (1.06, 1.29)

1.37 (1.22, 1.54)
1.41 (1.26, 1.59)
1.46 (1.29, 1.66)

1.40 (1.24, 1.59)
1.47 (1.29, 1.68)
1.55 (1.34, 1.80)

<0.001
<0.001
<0.001

1.03 (0.84, 1.28)
1.04 (0.84, 1.28)
1.11 (0.98, 1.39)

1.54 (1.19, 2.00)
1.55 (1.19, 2.02)
1.72 (1.30, 2.28)

1.86 (1.44, 2.40)
1.87 (1.41, 2.48)
2.22 (1.65, 2.98)

<0.001
<0.001
<0.001

1.22 (0.95, 1.56)
1.25 (0.96, 1.62)
1.37 (1.06, 1.79)

1.47 (1.06, 2.05)
1.53 (1.09, 2.16)
1.77 (1.25, 2.52)

1.32 (0.91, 1.92)
1.42 (0.95, 2.11)
1.77 (1.14, 2.75)

0.029
0.017
0.001

1.12 (1.00, 1.26)
1.14 (1.01, 1.29)
1.14 (1.00, 1.29)

1.33 (1.15, 1.55)
1.37 (1.17, 1.59)
1.36 (1.16, 1.60)

1.30 (1.10, 1.53)
1.36 (1.14, 1.62)
1.35 (1.11, 1.64)

<0.001
<0.001
<0.001

1.15 (0.85, 1.57)
1.27 (0.93, 1.74)
1.17 (0.84, 1.62)

0.91 (0.58, 1.42)
1.05 (0.67, 1.63)
0.93 (0.58, 1.51)

0.76 (0.45, 1.28)
0.98 (0.57, 1.69)
0.80 (0.43, 1.48)

0.360
0.844
0.548

for all of the following variables: sex, race, years after transplant, primary cause of ESRD, length in

years from first ESRD services and first transplant, donor type, ESRD network categories, BMI categories, and
immunosuppressive medications; ¥ effect estimates at attained age of 60 yrs. using time-dependent variables;
βadjusted
*

for O3; α Adjusted for NO2.

Range (Min -Max)

3.4 Stroke Mortality Risk
3.4.1 Single-Pollutant Models
The basic model showed a strong association between each 10 ug/m3 increase in ambient PM2.5
levels and stroke mortality (HR=2.77, 95% CI: 1.81 – 4.25) and remained significant, but somewhat
attenuated, in the multivariable-adjusted full model (HR=1.82, 95% CI: 1.15 – 2.89) (Table 1).
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3.4.2 Two-Pollutant Models
Compared to the single-pollutant full model, the association between a 10 ug/m3 increase in
ambient PM2.5 and the risk of stroke mortality increased to a HR of 3.20 (95%CI: 1.76 – 5.81) and
2.07 (95% CI: 1.23 – 3.47) when also controlling for NO2 and O3, respectively (Table 2).
3.4.3 Models with PM2.5 Quartiles
In the single multivariable-adjusted full model with PM2.5 as a categorical variable, the risk of
stroke mortality for the fourth quartile was 32% higher than the hazard ratio for the first quartile
(Table 5), but it was not statistically significant.
In the two-pollutant models, comparing Q4 with Q1, the hazard ratios were somewhat
attenuated (Table 5).
3.5 Cardiac Arrest Mortality Risk
3.5.1 Single-Pollutant Models
Similar to the findings for CHD and stroke, the basic model showed a very strong association
between each 10 ug/m3 increase in ambient PM2.5 and cardiac arrest mortality (HR=2.42, 95% CI:
1.98 – 2.96), which was somewhat attenuated in the multivariable-adjusted full model (HR=1.77,
95% CI: 1.42 – 2.19) (Table 1).
3.5.2 Two-Pollutant Models
As for the previous outcomes, the hazard ratios were strengthened to 2.02 and 1.95,
respectively, when also controlling for NO2 and O3 (Table 2).
3.5.3 Models with PM2.5 Quartiles
In the single multivariable-adjusted full model with PM2.5 as a categorical variable, the risk was
lower, but still statistically significant when comparing the fourth quartile with the first quartile
(HR=1.30) (Table 5).
In the two-pollutant models, adjusting for O3 and NO2, respectively, the association remained
more or less the same as in the continuous model (Table 5).
3.6 CHF Mortality Risk
Unlike the other mortality outcomes, there was no clear association found between ambient
PM2.5 and CHF mortality in any of the basic, multivariable or two-pollutant models (Tables 3 and 4),
nor in models when we used PM2.5 as a categorical variable (Table 5).
3.7 Sensitivity Analysis
The HR for all outcomes stayed virtually unchanged when including the 9,269 subjects with
prevalent CVD who were excluded at baseline. The HR for CVD mortality was 1.90, for CHD 2.18,
for stroke 1.95, for sudden death 1.83 and for CHF 1.02 with the 95% confidence intervals almost
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completely overlapping those for the single-pollutant full model in the analytic population (Table
1).
4. Discussion
To the best of our knowledge, this is the first study to explore the relationship between
ambient PM2.5 and the risk of premature death due to CVD and its subcategories among this highly
sensitive population of renal transplant recipients. Because of the large number of subjects, we
were able to study several subcategories of CVD mortality, namely CHD, stroke, cardiac arrest, and
CHF mortality. We were also able to eliminate one of the major risk factors for CVD in that we
excluded all current smokers. The results from this large retrospective cohort study support the
hypothesis that ambient levels of PM2.5 is an independent risk factor for fatal CVD among the renal
transplant population. We found detrimental effects on CVD mortality even for PM 2.5 levels below
the current EPA standard. In our previous study among renal transplant recipients, SpencerHwang et al. found significant positive associations between ambient O3 levels and the risk of CHD
mortality, but not with ambient PM10 levels [18]. Due to the limited number of PM2.5 air quality
monitors in the nation at that time, the researchers were not able to assess the relationship
between ambient PM2.5 and the risk of CHD mortality [18]. In other populations, several studies
have shown a stronger association between PM2.5 and CVD mortality than for PM10 [11, 23]. The
possible explanation is that the smaller particle size of PM2.5 can penetrate deeper into the lungs
and then enter the blood stream, resulting in greater health effects [34].
Our current study was designed to reduce the gap in the literature on the CVD effects of
increasing levels of ambient PM2.5 among renal transplant recipients. As we anticipated, the
findings of this study provide strong evidence for adverse effects of ambient particulate air
pollution on human health, especially among this vulnerable group. Positive associations were
found between PM2.5 and all CVD mortality outcomes, except CHF mortality, in both single- and
two-pollutant multivariable adjusted models. It is not clear why the association with CHF is lower,
but the etiology of CHF is multifactorial and some of them may have no association with ambient
air pollution. In addition, it is possible that for CHF, it is the immediate short-term particulate air
pollution that is most important, not the average annual levels. This is supported by the metaanalyses of Shah, et al. [42], who found an increased risk of CHF associated with same-day
ambient PM2.5 levels. In a recent ecologic cross-sectional study on CHF mortality, Bennett, et al.
found a negative association with the particulate matter indicator [43]. However, the PM indicator
was PM less than 10 µg/m3 and they were contrasting rural versus urban areas. The levels of the
PM indicator were slightly higher in the rural areas, where the CHF mortality was lower. It is hard
to evaluate these findings, as they will be influenced by both the size and composition of the
particles. The urban areas had higher levels of NOx, indicating higher traffic pollution, and thus,
likely higher levels of fine PM. Also, as an ecologic study, there was no subject-specific
information on lifestyle differences between those living in rural versus urban areas, although it is
likely that the rural population had a better diet and more physical activity, which could have
contributed to the lower rates in the rural areas. As a result of these findings, the team
recommended that patients’ living condition (rural vs. urban) should be considered when
assessing associations between particulate matter exposure and morbidity and mortality due to
heart failure [43].
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Our results are consistent, but stronger, than the findings of most previous cohort studies
among the general population as well as among potentially sensitive subpopulations. However,
similar to our findings, Chen et al., reporting from the earlier Adventist Health and Smog Study
(AHSMOG 1) found a positive association of similar magnitude between PM2.5 and fatal CHD
among non-smoking, mostly never smoking, non-Hispanic, white adult females during 22 years of
follow up (RR=2.00, 95% CI: 1.51 – 2.64) [23].
Weaker associations have been reported by others from populations that were not limited to
non- or never-smokers. In a study of 8,096 white subjects from the Harvard Six Cities study, Laden,
et al. found that ambient PM2.5 levels were positively associated with an increase in CVD mortality
(RR=1.28, 95% CI: 1.13 – 1.44) [28]. Additionally, the reduction in ambient PM2.5 emissions in the
second period of the study (between 1990 and 1998) was associated with lower CVD mortality risk
[28]. Moreover, Turner, et al.[44], studying 669,046 participants from the Cancer Prevention Study
II, found positive associations between ambient PM2.5 and total CVD mortality (HR=1.07, 95% CI:
1.04 – 1.10); ischemic heart disease (HR=1.07; 95% CI, 1.04 – 1.10); dysrhythmias, heart failure,
and cardiac arrest (HR=1.06, 95%CI: 1.00 – 1.13), and cerebrovascular disease (HR=1.13, 95%
CI:1.06 – 1.21). These associations were much stronger when ambient air levels were restricted to
near-source PM2.5 [44].
After adjusting for ecological covariates (median household income; percentage of people with
< 125% of poverty-level income; percentage of unemployed individual aged ≥ 16 years;
percentage of adults with < 12th grade education; and percentage of the population who were
black or Hispanic), Pope III and colleagues [45] observed positive relations between ambient levels
of PM2.5 and CVD mortality risk (HR=1.12; 95% CI, 1.10 – 1.15). In addition, pre-existing
cardiometabolic risk factors were not significant effect modifiers of the association between PM 2.5
and CVD mortality. Furthermore, PM2.5 was associated with increased mortality risks of type II
diabetes (HR=1.25: 95% CI, 1.17 – 1.33) and hypertension (HR=1.26, 95% CI: 1.18 – 1.36) [45].
Among elderly white male veterans, Mehta, et al. found a significant association between oneyear higher ambient levels of PM2.5 and a decline in renal function [46]. A 2.1 μg/m3-higher 1-year
ambient PM2.5 was linked with an additional annual reduction in the glomerular filtration rate
(eGFR) of 0.60-mL/min/1.73 m2 per year (95% CI: –0.79, –0.40) [46].
Also, in a recent study, Malik et al. found a significant association between ambient PM2.5 and
total mortality among myocardial infarction survivors (HR =1.13). However, no significant
association was detected with ambient O3 (HR=1.01) [47].
Comparing our results with these previous investigations among various populations, we found
stronger effects, which may be explained by the unique characteristics of this vulnerable
population. Declining kidney function, prevalence of hypertension, diabetes, and use of
immunosuppressive medications are factors that, compared to non-diseased subjects, may make
non-smoking, renal transplant recipients more sensitive to ambient air pollutants and its effect on
risk factors for cardiovascular disease.
4.1 Possible Biological Mechanism
Over the years, several biological mechanisms have been proposed to explain the relationship
between ambient levels of air pollution and CVD morbidity and mortality. One of the possible
explanations of the adverse effects of particulate matter on human health is that exposure to air
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pollutants have been linked to increased levels of pulmonary oxidative stress and inflammation,
which leads to the release of inflammatory factors and free radicals into the bloodstream, causing
cell injury [48-50]. Vascular inflammation has been associated with the development of
atherosclerosis after transplantation, which leads to a higher number of CVD events [51, 52]. The
second common explanation is the translocation of small air pollution particles (PM2.5 and
ultrafine) into blood circulation, and their ability to pass through the plasma membrane of
different body cells and interact with them. These interactions may contribute to thrombosis and
atherosclerotic plaque formations that eventually lead to changes in the cardiovascular system [10,
49, 50]. Additionally, sudden exposure to high levels of PM2.5 have been found to be associated
with a significant change in the stability of atherosclerotic plaque and the thrombogenic process,
which may trigger CVD events [53]. Furthermore, researchers have found significant relationships
between PM2.5 exposure and the occurrence of ventricular arrhythmias, especially among patients
with coronary heart disease [54, 55] and with diabetes or impaired glucose tolerance [56].
4.2 Strengths and Limitations
There are several strengths to this study. All health care professionals in the US are required by
law to report all patient information for subjects who receive a diagnosis of chronic kidney disease
as well as all who receive a renal transplant to USRD. The availability of this large database
ensures that we are studying all US renal transplant recipients. In addition, this database includes
a large number of important variables, allowing for the adjustment of several confounding effects.
Another strength is our ability to adjust for ambient O3 and NO2 in two-pollutant models, allowing
us to see how these modify the effect of PM2.5. Using this database assures generalizability from
our study population of non-smoking renal transplant patients to the non-smoking renal
transplant population at large. Furthermore, ZIP code-specific annual-average concentrations of
air pollutants were assigned using previously available integrated empirical geographic (IEG)
regression models, adjusting for several geographical factors that had high cross-validation
statistics. Our findings are robust as demonstrated with the relatively narrow 95% CIs and the fact
that the estimates stayed virtually unchanged even when the 9,269 subjects with prevalent CVD at
baseline were included in the sensitivity analyses.
However, this study also has some limitations. Only annual ambient concentrations of PM2.5,
Ozone and NO2 at the ZIP code level of the place of residence, rather than the subjects’ physical
address, were available as exposure variables. In addition, place of work is not included in this
database, preventing us from including such data in our exposure estimates. However, renal
transplant recipients are likely live and work in close proximity, and thus with similar PM2.5
concentrations; these limitations are therefore unlikely to greatly influence their mean annual
level of ambient air pollutants. Additionally, as a result of using the adjusted annual averages of
ambient PM2.5 levels, we could not adjust for seasonal variations, which could explain the low
levels of PM2.5. Yet, significant adverse health effects of PM2.5 at concentrations below EPA
standards of 12 ug/m3 have been reported for both morbidity and mortality in other cohort studies
[46, 47, 57] .
Another limitation is the lack of more specific classification on the death certificate, especially
for stroke and cardiac arrest death. Moreover, no information on dietary factors and physical
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activity is available in the dataset. However, we were able to control for BMI, which partially
accounts for such lifestyle factors.
5. Conclusions
In conclusion, this study is one of very few epidemiological studies to explore the association
between ambient fine-particulate air pollution and risk of fatal CVD events among renal transplant
recipients. Our findings demonstrate detrimental health effects even at PM 2.5 levels below the EPA
standard and thus begs the question of whether these standards need revision. More studies are
needed to confirm our strong findings and to assess the potential association among other
sensitive subgroups within this and other populations. Further research is also needed to explore
the association between the various PM2.5 compositions and health outcomes. Ultimately, our
findings may contribute to the development of preventive strategies to lessen the impact of air
pollution on health outcomes in renal transplant recipients, and to reduce healthcare costs for
patients with cardiovascular diseases. Our research findings may also help renal transplant
recipients in making informed decisions to reduce personal exposure to ambient air pollution,
particularly in highly polluted areas. Finally, managing modifiable CVD factors, including air
pollution exposure, may eventually reduce the risk of graft loss and improve the quality of life for
this vulnerable population.
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Abstract
Primary biliary cholangitis (PBC) and primary sclerosing cholangitis (PSC) are idiopathic and
progressive autoimmune hepatobiliary disorders that lead to liver failure and a need for liver
transplantation in a proportion of individuals with poorly controlled disease. It is currently
thought that an environmental agent triggers disease in a genetically susceptible host and to
date, xenobiotics, bacteria and a human betaretrovirus have all been linked with PBC.
However, there is no consensus on which agents predominates. These disease processes are
poorly understood and there are disparate hypotheses concerning the pathogenesis. One
theory suggests that the disease is mediated by autoimmunity, whereas others have
speculated that they are infectious disease processes that only manifest in individuals with
diminished immunity. Clinically, the triggers of disease are difficult to study because of the
indolent onset and chronic nature of the disorders. Notably, observations from liver
transplantation provide a unique insight into the development of PBC and PSC. Both biliary
disorders may reoccur in up to 30%-50% of patients following liver transplantation and many
of the factors that influence recurrence have been well described. Prior to transplantation,
immunosuppression is not routinely used to treat PBC and PSC because specific treatments
have not been shown to have utility or have caused undue side effects. Following
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transplantation, recurrence occurs earlier and tends to be more aggressive in those treated
with more potent immunosuppressive agent such as tacrolimus as compared to cyclosporine,
which also has broad antiviral activity. The development of cholestasis within the first year
following liver transplantation was found to be predictive of recurrence years later, a finding
that parallels observations in patients with recurrent viral hepatitis following liver
transplantation. Herein, we discuss the observations from liver transplant recipients with
recurrent autoimmune liver disease and model our findings in comparison with patients that
develop recurrent infectious disease. These studies help provide a framework and
understanding of the processes associated with autoimmune liver diseases in general.
Keywords
Primary biliary cholangitis; recurrent disease following liver transplantation; human
betaretrovirus

1. Introduction
Primary biliary cholangitis (PBC) and primary sclerosing cholangitis (PSC) are considered
autoimmune conditions and comprise around 5% of all liver disorders [1]. Presentation can consist
of fatigue, sicca syndrome, abdominal pain, jaundice, and pruritis and lab work may indicate either
a cholestatic or hepatocellular profile. PBC and PSC are also associated with elevations in different
immunoglobulins as well as the presence of autoantibodies. Histologically, there is the presence of
immune cells and inflammatory damage to the liver parenchyma and biliary system [1]. Despite
being considered autoimmune liver diseases, PBC and PSC have not been shown to respond to
immunosuppressants. This suggests the possible presence of another underlying etiology for these
hepatobiliary disorders.
Studies have linked environmental exposures including bacteria, xenobiotics, and viruses to
PBC [2]. PBC has also been linked to a human betaretrovirus (HBRV) suggesting an infectious
etiology as a potential cause [2]. Bolstering this idea, there have been studies showing biochemical
response in PBC patients treated with antiretroviral therapy [3]. More recently, given the link
between inflammatory bowel disease (IBD) and PSC, studies have looked at the gut microbiome
and its links to PSC. Preliminary studies are starting to suggest the presence of a distinct intestinal
microbiome in PSC patients characterized by an overabundance of potentially pathogenic bacteria
[4]. Multiple studies have also demonstrated biochemical response in PSC patients treated with
different antibiotics, suggesting that infection may play a role in the development of PSC [5]. All of
this goes towards suggesting that an infectious etiology may underlie the pathogenesis of both
PBC and PSC.
2. Primary Biliary Cholangitis
PBC is an autoimmune disorder of the liver characterized by the destruction of small
intrahepatic bile ducts. Serologically, IgM is often elevated and the presence of anti-mitochondrial
antibody (AMA) is seen in 80% to 95% of patients with PBC [6]. Other autoantibodies including
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antinuclear antibody (ANA), anti-Sp100, and anti-gp210 are also commonly seen in PBC patients
[7]. Classically, liver biopsy appearance in PBC patients demonstrates an inflammatory infiltrate,
with granulomatous destruction of intrahepatic bile ducts that consists of lymphocytes, plasma
cells, macrophages, and polymorphonuclear cells [6]. The immune mediated destruction of bile
ducts with demonstrable humoral and cellular autoimmunity helps to support the notion that PBC
has an autoimmune pathogenesis [8].
Strictly speaking, PBC is an autoimmune disease because patients make an immune response to
self-proteins. However, the assumption that the disease process is mediated through the
autoimmune attack has not been shown experimentally. For example, the autoimmune studies
conducted in patients with PBC and corresponding models have not met the criteria for proof of
an autoimmune causality. Witebsky criteria are loosely based on Koch’s postulates and were
created to directly link the autoimmune responses with the disease process [9]. Clinically, we
know that humoral autoimmunity is not required to develop PBC because levels of AMA do not
reflect the ongoing disease process. Patients without AMA can develop PBC, whereas a proportion
of patients with AMA do not [10]. Furthermore, immunosuppression has proven to be of little
utility for PBC patients, whereas bile modulation therapy with ursodeoxycholic acid and more
recently with the potent FXR receptor agonist obeticholic acid, have become the standard of care
[11]. Nevertheless, the common perception remains that PBC patients have autoimmune
destruction of bile ducts [8] but this assumption is prevalent (and rarely challenged) even though
pertinent validation is lacking.
2.1 Role of Human Betaretrovirus in PBC
It is currently thought that environmental agents trigger PBC in susceptible individuals. Studies
have linked environmental exposures including bacteria, xenobiotics, and viruses to the
development of PBC [2]. A human betaretrovirus (HBRV) resembling mouse mammary tumor virus
was characterized in patients with PBC in 2003, suggesting an infectious etiology as a potential
cause [2, 12, 13]. Bolstering this idea, there have been studies showing biochemical response in
PBC patients treated with antiretroviral therapy [3, 14, 15]. Using the gold standard methodology
for detecting retroviral infection, the majority of PBC patients were shown to have definitive
evidence of HBRV infection with the demonstration of proviral integrations in cholangiocytes and
peri-hepatic liver nodes [16]. However, a stumbling block in the investigation of HBRV is that good
serological assays to detect viral infection are not available for diagnostic purposes or
epidemiological studies. In fact, viremia can only be detected in 15-25% of PBC patients by PCR,
ELISA assays have a low frequency of positivity (15%) and the virus is difficult to detect in the liver,
whereas lymphoid tissue is the dominant reservoir of infection [13, 17]. However, HBRV has met
criteria for Koch’s postulates in vitro as it has been shown to trigger a disease specific phenotype
of PBC. HBRV infection of normal cholangiocytes promotes the expression of the usually
sequestered mitochondrial antigens on the biliary epithelium cell surface [13, 18]. It is thought
that the exposure of the autoantigens to the immune system is responsible for the production of
AMA. The immune response to HBRV suggests that viral infection may trigger autoimmunity by
bystander activation by attracting an immune response to mitochondrial autoantigens aberrantly
expressed on the cell surface [2, 12].
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Following the discovery of the HBRV, treatment protocols with antiretroviral therapy were
pursued in animal models of PBC with betaretrovirus infection [19, 20] and in patients with PBC
[14]. Initial studies assessing lamivudine monotherapy in PBC patients showed limited responses,
whereas the use of combination lamivudine and zidovudine therapy provided clinical
improvements in liver biochemistry and the necro-inflammatory scores on liver biopsy in PBC
patients [21]. The follow up randomized controlled trial did not meet the established endpoints
even though patients on therapy developed a 20% reduction in alkaline phosphatase over 6
months of treatment [22]. A follow up randomized controlled trial using an HIV protease inhibitor
with reverse transcriptase inhibitors (lopinavir boosted with ritonavir, with combination
emtricitabine and tenofovir) was terminated early due to the development of GI side effects in the
majority of PBC patients. In the long term extension study, however, those who tolerated the
combination antiretroviral therapy developed sustained and clinically meaningful reductions in
hepatic biochemistry coupled with reduction in HBRV levels in blood [15]. This study stands as a
proof of principal that HBRV may play an active role in the development of PBC, even though the
HIV protease inhibitors will have no role in the treatment of PBC. Additional diagnostic assays to
detect HBRV infection will be required, however, to diagnose infection and conduct large scale
epidemiology studies to evaluate the prevalence of HBRV in populations with liver disease.
3. Primary Sclerosing Cholangitis
PSC is considered an autoimmune biliary disease characterized by inflammation and
destruction of the intrahepatic and extrahepatic bile ducts. This can eventually lead to irreversible
scarring of the liver [4]. Evidence to support the autoimmune nature of the disorder includes the
close association with inflammatory bowel disease (IBD), particularly ulcerative colitis (UC), and
the presence of several autoantibodies. Antineutrophil cytoplasmatic antibodies with a
perinuclear staining pattern (p-ANCA) is the most prevalent serum autoantibody and can occur in
over 90% of patients with PSC [23]. ANA can also be seen in close to 80% of PSC patients and antismooth muscle antibodies (anti-SMA) are detected in up to 83% of patients with PSC [23]. In
addition, IgA antibodies to glycoprotein 2 (anti-GP2 IgA) were recently found in the serum of PSC
patients 46.7% to 71.5% of the time and was associated with large bile-duct involvement and
increased mortality [24]. PSC patients may also have increased levels of IgG4 in 10% to 12% of
cases [25]. The finding of such autoantibodies in patients with PSC lends support to the notion that
PSC has autoimmune features.
Despite the thought that PSC is an autoimmune disorder, because of its close association with
UC, researchers have been looking at the interplay between the gut microbiome and PSC more
recently. PSC patients have been found to have a significant decrease in diversity of the gut
microbiota [26]. The intestinal microbiome in PSC patients have an overabundance of Escherichia,
Enterococcus, Fusobacterium, Lactobacillus, Veillonella, Blutia, Barnesiellacea, Lachnospiraceae,
and Megasphaera genera [27]. Within the intestinal microbiome of PSC patients, there is reduced
concentrations of Clostridiales II, Prevotella and Roseburia, and Bacteroides [28]. Escherichia,
Veillonella, Lachnospiraceae, and Megasphaera have genes that encode for copper amine oxidase
proteins that are substrates for vascular adhesion protein-1, which plays a critical role in
lymphocyte trafficking between the intestine and liver [29].
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Not only is the altered gut microbiome thought to be a factor in PSC development, but it is also
felt that colonic bacterial and endotoxin translocation to the liver is involved in the pathogenesis
of PSC [30]. As the bacteria and endotoxins get transferred to the canaliculi, pathogen recognition
receptors on cholangiocytes get activated resulting in proinflammatory responses [31]. These
findings suggest that the gut microbiota may be an important factor in the pathogenesis of PSC
and that an infectious etiology may contribute to the development of PSC.
Due to the suggestion of intestinal microbiome alteration and dysfunction as a possible
underlying etiology of PSC, numerous studies have looked at the role of antibiotics in the
treatment of PSC. The use of oral vancomycin in PSC has been evaluated in multiple studies as
initial studies reveled significant hepatic biochemical and symptomatic improvements in a small
case series of children with PSC [32]. Once vancomycin was stopped in this study, patients
worsened in terms of their liver biochemistry and their symptoms recurred [32]. Oral vancomycin
was also shown in a randomized control trial comparing it to metronidazole to result in a
significant decline in serum alkaline phosphatase (ALP) after 12 weeks of therapy [33].
Metronidazole has also been looked at for the treatment of PSC as an add-on therapy to
ursodeoxycholic acid (UDCA). In a trial comparing metronidazole and UDCA to UDCA alone, the
addition of metronidazole resulted in a more significant reduction in serum ALP compared to use
of UDCA alone, suggesting beneficial effect of the antibiotic [34]. These studies go towards
suggesting an infectious contribution to the pathogenesis of PSC.
4. Liver Transplantation and Autoimmune Liver Disease
A commonality with all autoimmune liver diseases, including PBC, autoimmune hepatitis (AIH)
and PSC, is that all three disorders reoccur following LT [35, 36]. This observation supports the
hypothesis that these autoimmune diseases may have a persistent infectious component at the
time of transplantation. In support of this notion, the use of more potent immunosuppression
regimens appears to hasten the onset of recurrent disease in the setting of LT. For example, liver
transplant recipients with PBC have an increased probability of developing earlier and more severe
recurrent disease with the use of the more potent calcineurin inhibitor, tacrolimus as compared to
cyclosporin [37, 38]. Similar observations have been made in patients with PSC following
transplantation, where the use of tacrolimus is associated with an increased prevalence of de novo
IBD [39, 40]. Furthermore the use of tacrolimus, as compared to cyclosporine, has been linked
with the development of de novo AIH; a hepatitis syndrome with autoimmune features occurring
in LT recipients without a prior diagnosis of AIH [41]. One could argue that the development of
recurrent disease occurring with more potent immuno-suppression favors the reappearance of an
infection rather than the development of recurrent autoimmune process, which should
theoretically be dampened to a greater extent with higher levels of immunosuppression.
A review of our experience with managing LT recipients with viral hepatitis sheds some light on
understanding the process of recurrent autoimmune liver disease post LT. Over the last 3 decades,
we have learned to be more sparing with immunosuppression because of the development of
fibrosing cholestatic hepatitis, mediated by uncontrolled viral replication on the background of
uninterrupted, high potency immunosuppression [42, 43]. Indeed, recurrent viral infection was
universal in LT recipients without access to directly acting antiviral regimens available today, and
as a result disease progression with viral hepatitis was often accelerated by prolonged
Page 26/114

OBM Transplantation 2019; 3(4), doi:10.21926/obm.transplant.1904094

immunosuppression [42, 43]. The extent of HCV viral load prior to LT was shown to a reliable
predictor of severity of recurrent infection, whereas patients with lower viral loads developed mild
recurrent disease without biochemical hepatitis [44]. There was also considerable debate on how
best to recognize and manage acute recurrent HCV Infection with the accompanying presence of
alloreactivity [42]. Over the years, mild rejection occurring with recurrent HCV infection was either
ignored or treated with a small adjustment of tacrolimus levels to prevent immune reconstitution
and activation of biochemical hepatitis [45].
Factors that predict recurrent autoimmune liver disease have also been documented to a
degree. With regards to severity of disease prior to LT, patients with AIH have been found to be
more likely to develop recurrent disease if they had raised IgG levels, elevated AST/ALT and
histological evidence of moderate to severe inflammatory activity [46]. Similar pre-LT data have
not been gathered for PBC and PSC. However, comparable to observations with LT recipients with
viral hepatitis, the development of recurrent PBC and PSC following LT is augmented by more
robust immunosuppression, supporting the idea that both disorders may be linked with infectious
disease [36, 47]. Accordingly, we recently conducted studies to address the hypothesis that PBC
and PSC patients may develop evidence of recurrent disease soon after LT by assessing hepatic
biochemistry in the first 12 months of LT [48, 49], and herein we provide a brief synopsis of our
findings.
4.1 Recurrent PBC Following LT
Recurrent PBC (rPBC) is diagnosed by liver histology compatible with PBC along with
biochemical cholestasis. AMA do not factor into making a diagnosis as 70% of PBC patients remain
AMA positive following LT, whereas less than half of these patients actually develop rPBC. We
reported our experiences nearly 10 years ago from the University of Alberta program showing that
13% of patients developed rPBC at 5 years and 29% at 10 years [37]. Similar to experiences from
many other centers, we found that the use of tacrolimus and mycophenolate mofetil was
associated with a higher risk of rPBC recurrence, whereas cyclosporine reduced the risk of PBC
recurrence [37]. Because of our interest in the retroviral hypothesis for the development of PBC,
we evaluated whether cyclosporine had antiviral activity against HBRV and observed reduced
betaretrovirus production from infected cells treated with cyclosporine but not tacrolimus in vitro
[50]. These data were consistent with prior studies showing that cyclosporine inhibited cyclophilin
activity required for assembly of many viral agents [50, 51]. This observation may partially explain
the effects of reduced frequency of rPBC post-LT with cyclosporine therapy. However, it should be
emphasized that as a less potent immunosuppressive agent, cyclosporine may lower the incidence
of any infectious disease versus tacrolimus when employed following transplantation. However,
this is all conjecture because studies have not been performed to evaluate the presence of HBRV
in peripheral blood of patients with recurrent PBC.
To better understand mechanisms involved in rPBC, we conducted a larger retrospective, multicenter study involving 785 patients undergoing a liver transplant for PBC [38]. We observed a
steady increase in probability of rPBC over time from 22% at 5 years to 55% at 20 years. Once
again, we confirmed that the use of tacrolimus was associated with increased frequency rPBC,
whereas cyclosporine was protective. This study was sufficiently powered to demonstrate that
rPBC led to diminished survival, whereas prior studies had reported increased graft loss only, likely
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due to smaller sample size and length of follow up [36]. These data bring up the question of
whether cyclosporin should be used as primary immunosuppression for patients with PBC.
However, ease of use of tacrolimus and availability of other treatment modalities for PBC have
superseded. In fact we have adopted the policy of using prophylactic UDCA directly following LT to
prophylaxis against rPBC [52] and other second line experimental therapies to treat rPBC [14].
The second novel finding in this study of rPBC was that patients younger than 60 years old at
the time of LT were more likely to develop recurrent disease [38]. These data are consistent with
observations from prognostic studies of PBC patients prior to transplantation, where patients with
younger onset of disease were also shown to be at increased risk for a more rapid progression to
LT [53]. It is not immediately clear why those who develop PBC at a younger age develop
accelerated disease. Based on our current understanding of the etiology of PBC, if an earlier onset
of disease worsens prognosis, then younger patients must have a combination of (i) increased
genetic susceptibility and/or (ii) a greater environmental exposure. If we were to model this on an
infectious disease hypothesis, one could argue that patients with early onset PBC are genetically
less able to contain an infection, which then causes a more penetrant disease. It is anticipated that
construction of genetic risk scores from the genome wide association study data and creation of
biomarkers that better evaluate the infectious disease process may address this question in the
future [12, 54].
Another major goal of our retrospective study was to address a simple question of whether
development of cholestasis within the first year following LT heralded the onset of rPBC. This
hypothesis is based on observations of LT patients with untreated viral hepatitis who may develop
biochemical hepatitis on infection of the allograft [42, 43]. It is our experience that a liver biopsy
diagnosis of rPBC is seldom made within the first year because patients usually have non-specific
findings accompanied by a degree of alloreactivity in this period. To assess for biochemical
changes, we evaluated patients for severe cholestasis (bilirubin ≥100 µmol or alkaline
phosphatase > 3x the upper limit of normal) or mild cholestasis (alkaline phosphatase level >2
times the ULN or a combined elevation of both bilirubin and alkaline phosphatase levels) in the
first year following LT. At 6-month post-LT, we observed that patients who subsequently
developed rPBC were more likely to manifest severe cholestasis with increased mean ALP levels
compared to patients with recurrent disease. By 12 months, both mild and severe cholestasis
were associated with increased risk of recurrent PBC and these patients were more likely to have
increased mean levels of ALT, ALP and Bili (Figure 1).
These data support the infectious disease hypothesis for PBC whereby infectious agents that
cause cholestatic liver changes within the first 6 months following LT go on to trigger recurrent
disease. Because more potent immunosuppression is used in the first year following LT, this would
argue against the development of recurrent disease being linked with autoimmunity that would
presumably be dampened down by more potent immunosuppressive regimens. Further studies to
detect viral footprints of disease or better diagnostic tools to confirm the presence of HBRV
infection should be performed to address this question further.
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Figure 1 (A) Patients with rPBC had a higher prevalence of severe cholestasis at both 6
months and 12 months following LT, and mild cholestasis at 12 months following LT.
[Severe cholangitis: Bili ≥100 µmol or ALP > 3x the upper limit of normal; Mild
cholestasis: ALP>2 times the ULN or a combined elevation of both Bili and ALP levels].
(B) Patients with rPBC have elevated mean ALP levels at 6 months and then increased
mean levels of ALT, ALP and Bili by 12 months.
4.2 Recurrent PSC Following LT
For PSC patients undergoing LT, recurrence is diagnosed in up to 35% of patients by
cholangiography, as long as there are no other risk factors for biliary structuring. Multiple studies
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have proposed risk factors associated with recurrent PSC post-LT. The presence of active UC postliver transplant has been found to be significantly associated with PSC recurrence [55] and the
presence of IBD in general was shown to be an independent risk factor for PSC recurrence post-LT
[56]. In addition, the need for repeat LT due to recurrent PSC is probably a further risk factor for
subsequent development recurrent PSC but it is a rare event [55-57]. More recently, tacrolimus
and basiliximab induction have been shown to markedly increase the risk of rPSC, along with
disease activity at the time of LT [47]. These data suggest the potential for an infectious agent as a
risk factor for the development of PSC. Along these lines, receiving a colectomy prior to or during
liver transplant has been shown to be protective against recurrence of PSC [57]. Other studies
have reported that total colectomy with end ileostomy conferred a protective effect against
recurrence of PSC post-liver transplant whereas colectomy with an ileoanal pouch formation did
not [58]. Overall these studies that once the risk of colonic bacterial translocation is removed,
recurrence of PSC is rare, which supports the notion of an underlying infectious etiology as the
cause.
In patients who do develop PSC again post-liver transplant, there have been case reports
suggesting that oral vancomycin may be effective in terms of treatment. In one report, oral
vancomycin lead to complete normalization of liver biochemistry in an adult patient with PSC
recurrence four years post-liver transplant [59]. A separate case demonstrated successful
treatment of a pediatric patient who developed recurrent PSC post-liver transplant with oral
vancomycin [60]. Although just case reports, they do add to the growing literature around use of
antibiotics for the treatment of PSC, which again suggests a possible underlying infectious etiology
in the pathogenesis of PSC.
In a prior analysis of our LT program, we had found that the presence of mild cholestasis at 3
months was predictive of recurrent disease for patients with PSC. For example, we observed that
those without cholestatic liver function tests experienced a median time to recurrence of 12.9 yrs,
whereas patients with mild cholestasis at 3 months developed recurrent disease with a median of
9.6 years. Based on these findings, we conducted an international multi-center that revealed that
cholestasis at 12 months is highly predictive of recurrent PSC [61].
5. Prospectus
PBC and PSC are traditionally considered autoimmune disorders of the liver based on the
presence of loss of tolerance to self and the presence of immune dysregulation. However, there
are emerging data to suggest an infectious etiology playing a role in disease pathogenesis. The
presence of HBRV in PBC and response in PBC patients to antiviral therapy and intestinal
microbiome dysbiosis in PSC along with response to treatment with antibiotics provide support to
the infectious nature of these conditions. Studying recurrent disease in patients following liver
transplantation provides an opportunity to study acute onset disease. Such studies are needed to
better understand the etiology and pathogenesis of PBC and PSC.
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Abstract
Antibody-mediated rejection represents a significant barrier to favorable long-term
outcomes after kidney transplantation and remains the most common cause of allograft
failure. Therapeutic apheresis techniques are commonly used, in combination with other
treatments such as immunosuppressive drugs, in the pre-transplant and post-transplant
protocols for the prevention and treatment of antibody-mediated injury. The rationale is to
remove the donor-specific antibodies and the other inflammatory mediators, which include
cytokines, chemokines, and complement degradation molecules, and it is also related to
immunomodulatory effects which determine an increased susceptibility of cell-mediated
and humoral immunity to immunosuppressive agents. In the present review article, current
knowledge regarding the use of therapeutic apheresis in combination with the known and
emerging biological immunosuppressive therapies, for the prevention and management of
antibody-mediated rejection, has been discussed.
© 2019 by the author. This is an open access article distributed under the
conditions of the Creative Commons by Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium or format,
provided the original work is correctly cited.

OBM Transplantation 2019; 3(4), doi:10.21926/obm.transplant.1904093

Keywords
Antibody-mediated rejection; kidney transplantation; therapeutic apheresis

1. Introduction
Antibody-mediated rejection (AMR) is known to be a severe complication arising after kidney
transplantation (KT), with potentially deleterious effects on graft survival. Currently, AMR is widely
recognized as a continuous process, with varying degrees of activity and damage, clinically as well
as histologically, expressed with multiple phenotypes which are now identified and termed as
acute AMR, subclinical AMR, and chronic AMR [1, 2].
The presence of preformed anti-HLA antibodies in the transplant candidate represents a major
immunological barrier to a successful KT. Despite the prevention of this condition with
desensitization protocols, up to one-third of the highly sensitized recipients may develop AMR
following the transplantation [3, 4]. Therefore, the ability to successfully deliver incompatible
transplants and optimize the long-term outcomes is dependent on the ability to successfully
approach and manage an AMR. AMR presents a significant burden in the case of non-sensitized
individuals as well, as de novo early or late DSA (dnDSA) may emerge following the KT [5].
Increasing evidence suggests that the prevention and treatment of AMR requires a combination
of strategies rather than a single approach. In this context, therapeutic apheresis (TA) techniques
are principally employed as an adjunctive therapeutic tool to the immunosuppressive agents in
protocols, for preventive preoperative procedures as well as during the post-transplant period in
case of development of AMR (Table 1). TA techniques that are used widely include therapeutic
plasma exchange (TPE) and selective TA techniques such as double-filtration plasmapheresis
(DFPP), immunoadsorption (IA), and extracorporeal photopheresis (ECP) [6].
Table 1 Therapeutic apheresis in the prevention and treatment of antibody-mediated
rejection of the renal allograft.
Key points:
• Therapeutic apheresis techniques:
- Therapeutic plasma exchange,
- Double-filtration plasmapheresis,
- Immunoadsorption,
- Extracorporeal photopheresis.
• Apheresis is always performed in conjunction with other immunosuppressive drugs (IVIG,
rituximab, ± additional immunosuppression)
• Indications:
- Desensitization of deceased-donor kidney transplant recipients: low-quality evidence
available that are based on observational studies or case series
- Desensitization of living-donor kidney transplant recipients: moderate-quality evidence
based on RCTs with important limitations or exceptionally strong evidence from
observational studies
- Treatment of antibody-mediated rejection: moderate-quality evidence based on RCTs
with important limitations or exceptionally strong evidence from observational studies
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In the present review, the rationale and the evidence supporting the application of TA for the
prevention and treatment of AMR of renal allograft has been examined, and the currently used
therapeutic protocols have been discussed.
2. Therapeutic Apheresis in the Prevention of Antibody-Mediated Rejection
Approximately 30% of the KT candidates exhibit detectable anti-HLA antibodies, and
approximately half of them exhibit high sensitization with HLA antibody reactivity to over 80% of
the potential donors (Panel Reactivity Antibody ≥ 80%) [7].
Sensitization occurs when the transplant candidate develops immunological memory to donor’s
antigens from prior transplants, blood transfusions, and pregnancies [8, 9].
KT with the presence of donor-specific anti-HLA antibodies (DSAs) at pre-transplant is referred
to as HLA-incompatible transplantation. After transplantation, the presence of DSAs in high
amounts, typically in the form of antibodies against donor HLAs, detected with positive
complement-dependent cytotoxicity (CDC) crossmatch, results in hyperacute rejection. Whereas,
the presence of DSA in small amounts, detected using Luminex solid-phase assay with mean
fluorescence intensity (MFI) > 3000, leads to reduced graft survival by causing acute AMR and/or
chronic humoral rejection [10, 11]. Therefore, candidates exhibiting high sensitization encounter
difficulty in finding a crossmatch-negative donor kidney, ending up exhausted due to waiting on
the list for an acceptable match. According to Fuggle et al. [12], sensitized candidates remain on
the waiting list for a compatible donor kidney two to three times longer than the non-sensitized
KT candidates. The possibilities for a highly sensitized candidate who is waiting on the deceaseddonor transplant list are higher after undergoing a desensitization protocol and further better in
the cases where a living donor is already available. In this context, TA has a central role to play as
an anti-humoral therapeutic strategy.
2.1 Desensitization of Deceased-Donor Kidney Transplant Recipients
The currently available desensitization protocols commonly use a combination of high-dose
intravenous immunoglobulin (IVIG) and Rituximab (RTX) in order to lower the titers of the
preformed HLA-antibodies in the candidates on the waiting list, which increases the probability of
finding an acceptable deceased-donor [13]. However, in a recent, randomized, placebo-controlled,
double-blind clinical trial, IVIG combined with RTX did not exhibit efficiency in reducing the MFI of
the immunodominant anti-HLA donor-specific antibody in the patients with chronic AMR [14].
TA (TPE or IA), if performed while on the waiting list, has historically been demonstrated to
reduce long waiting times in case of highly sensitized candidates [15-17]. Such strategies, however,
are not always effective and may present risks associated with extended immunosuppression on
the dialysis.
The data available regarding the efficacy of reduction in the amount of preformed anti-HLA
antibodies in preventing hyperacute rejection, acute AMR, and late transplant glomerulopathy
through peri-pre-transplant TPE in the deceased-donor KT (DDKT) are limited [18-20]. Beimler et al.
[18] were pioneer in reporting a successful DDKT in two crossmatch-positive recipients using a
single peri-pre-transplant TPE session and RTX. Cold ischemic time (CIT) in the therapeutic
protocol was not prolonged as TPE during the transport of the kidneys from the donor center to
the transplant center. Post desensitization, the crossmatch turned negative, and to avoid an early
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rebound of DSAs, the TPE sessions during the post-transplant period were extended until stable
allograft function was achieved [18]. Both the patients exhibited satisfactory graft outcomes two
years after the KT [18]. Using the same desensitization protocol, the same research group
reported excellent short-term and medium-term outcomes in a larger cohort of 12 DDKTs with
positive cross-matches that turned negative after the desensitization [19]. Recently, a
retrospective cohort study on DSA-positive recipients who had received DDKT demonstrated that
a single peri-pre-transplant TPE session, in combination with anti-human thymocyte globulin (ATG)
used for induction immunosuppression, did not result in a lower incidence of acute AMR within 6
months, in comparison to the DSA-positive recipients who had not received a TPE session [20].
Post-transplant TPE was not performed because the protocol included 3 to 5 days of ATG
induction [20].
Loupy et al. [21], from the Paris group, reported the results of a combined post-transplant
prophylactic IVIg/RTX/TPE treatment in DDKT with preformed DSAs and a negative crossmatch on
the day of the transplant. These patients received 9 TPE sessions every alternate day after the
transplantation, in addition to 2 g/kg IVIg at Day 0, 2, 42, and 63 and RTX on Day 2 and 22. At 1year post-transplant, comparable results for patient and graft survival rates as well as the rate of
acute AMR were obtained between the patients who received only IVIg and those who received
IVIg, RTX, and TPE. However, the results for estimated glomerular filtration rate (e-GFR) were
significantly worse, and proteinuria levels, as well as the rate of chronic AMR were observed to be
significantly higher in the IVIg group [21]. These differences in the long-term functions were
characterized by a significant decrease in the MFI of DSAs in the group of patients who received
the more intensive post-transplant prophylactic regimen compared to those in the IVIg group [21].
Recently, the Paris group reported the long-term outcomes of a high immunological risk program
which included patients with high levels of peak DSA (MFI > 3000) and a negative crossmatch on
the day of transplantation who received a post-transplant desensitization protocol with high-dose
IVIg, TPE, and RTX. The results obtained for these patients were compared to those obtained for a
control group which comprised patients who exhibited a lower immunological risk (MFI ranging
between 500 and 3000) on the day of transplantation and who received post-transplant
desensitization based on IVIg alone [22]. Patient survival was identical between these two groups.
However, there were a significantly greater number of cases of acute T-cell rejection and AMR in
the group with MFI > 3000, which clinically translates to significantly lower graft survival [22].
Semi-specific IA, which is aimed at preventing humoral graft injury, has also been employed,
and mixed results have been reported. The Vienna transplantation center reported a favorable
allograft outcome in a number of highly sensitized kidney transplant recipients after a peri-pretransplant IA session with a staphylococcal protein A column supplemented by repeated posttransplant treatment [23]. Subsequently, the same group reported that a single peri-pretransplant IA, in addition to pre-emptive ATG, could turn a positive crossmatch into a negative
crossmatch, enabling a successful DDKT supported by a favorable long-term graft survival of 3
years [24]. The authors confirmed these data by extending their initial experience in a research
paper published later [25]. Repeated post-transplant IA sessions were performed in this protocol
to prevent a potentially harmful rebound of DSAs [24, 25]. In line with the Vienna group, Higgins et
al. [26] reported a cohort with successful crossmatch conversion and prevention of hyperacute
rejection through the use of peri-pre-transplant IA treatment. However, in this case, a
considerably high graft loss rate was observed during the follow-up, with only 54% of the
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transplants surviving after a median follow-up of 26 months [26]. The difference in the outcome
between these studies could be attributed to the significant differences between the
desensitization protocols used in the two studies. Unlike the Vienna group, Higgins et al. did not
repeat the post-transplant IA sessions [24-26]. In addition, the Vienna group [24, 25], in order to
prevent an exaggerated increase of CIT, excluded transplantation for the patients for whom a
negative crossmatch could not be obtained through treatment with 6 L of plasma, while Higgins et
al. [26] prescribed greater than 30 L of plasma volume to convert a positive crossmatch in a few
patients, which resulted in significant increases in CIT (up to 62 h). Recently, the Vienna group
reported that one-third of the 101 DSA-positive recipients of DDKT underwent intense IA-based
desensitization and experienced acute AMR, and that the DSA MFI levels were significantly
associated with acute rejection (20% versus 71% AMR rates at <5000 versus >15,000 peak DSA
MFI) [27]. The 3-year graft survival rate in the DSA-positive recipients was reported to be
significantly lower than that in the DSA-negative recipients (79% vs. 88%; P = 0.008) [27].
These data highlight the significant prognostic value of MFI levels and suggest that the
intensification of the TA treatment in post-transplant desensitization protocols must be
customized according to MFI levels.
Currently, the eighth special issue of the American Society for Apheresis (ASFA) guidelines,
according to the above-stated observational studies and case series, provides a weak
recommendation (Grade 2C) and a weak category description (III: Optimum role of apheresis
therapy has not been established; decision making should be individualized) for the use of TA
techniques in the desensitization of DDKT recipients [6].
2.2 Desensitization of Living-Donor Kidney Transplant Recipients
In the case of sensitized candidates who have incompatible living donor available, paired donor
exchange (PDE) is the best alternative to select. However, for most of the highly sensitized
candidates, the probability of finding a match in the relatively small pool of donors available in the
PDE programs is low, and desensitization alone or in combination with PDE represents almost the
only viable option for transplantation [28]. HLA-incompatible desensitized living-donor KT (LDKT)
exhibits significantly lower graft survival in comparison to HLA-compatible LDKT [29]. The results
of multicenter studies indicate, however, that it is worth desensitizing the HLA-incompatible
patients who have a living potential donor, because such patients have significantly better longterm survival after KT compared to the highly sensitized candidates on a KT waiting list who did
not receive a kidney from a deceased donor [30-32].
TA holds a central position in the currently available desensitization protocols and is also
strongly recommended by the current ASFA guidelines, although with moderate-quality evidence
(Grade 1B) [6].
The most commonly used protocol is an alternate-day TPE followed by the use of low-dose IVIg
(100–150 mg/kg) prior to transplantation [30-34]. Most transplant centers also commence antirejection medications, tacrolimus, and mycophenolate mofetil (MMF), up to 2 weeks prior to the
surgery [35]. Montgomery et al. [30] demonstrated, in the largest series of HLA desensitization
based on TPE plus low-dose IVIg, that at 5-year follow-up, a significantly greater survival was
achieved in patients who received LDKT (90.6%) compared to those who remained on dialysis
(51.5%) or those who were placed on a DDKT waiting list with or without KT (65.6%). On average,
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patients received 4 ±4 TPE treatments prior to LDKT and 5 ±4 TPE treatments after the LDKT [30].
More recently, in a larger multicenter (n = 22) study conducted in US involving 1,025 patients,
Orandi et al. [31] validated the results reported by the Baltimore research group [30].
Magee et al. [36] also reported their experience with TPE/low-dose IVIG plus RTX in 28
crossmatch-positive patients. The AMR rate was observed to be high (39%), although the mean
serum creatinine levels (1.5 mg/dL) remained satisfactory within a mean follow-up of 22 months
and only three grafts were lost. Similar results for the application of TPE/low-dose IVIg plus RTX in
51 transplanted patients have been reported by the University of Illinois [37]. The acute rejection
rate in these patients was determined to be 33%, with optimal graft survival at 2 years (93%).
Morath et al. [38] examined the effect of adding one dose of RTX (375 mg/m 2) just prior to the
KT together with IA performed prior to and after the transplantation. After a median of 10 IA
treatments, all ten patients were reported to be desensitized successfully and transplanted. The
recipients also received a median of seven post-transplant IA treatments. After a median followup of 19 months, the reversible AMR rate was observed to be 30%, and the patient and allograft
survival rates were 100% and 90%, respectively, with a mean serum creatinine level of 1.6 mg/dL
[38]. Similar results were observed with the use of RTX plus IA as reported recently by Kauke et al.
[39] who conducted a study on a small series of 8 LDKT recipients. Klein et al. [40], in a study
conducted on a series of 23 sensitized patients, performed pre-transplant IA sessions together
with the use of tacrolimus, MMF, and steroids, with the goal of achieving an MFI <1000 on the day
of transplantation. On Day 0 and 1, the recipients also received one dose of RTX. The induction
therapy was based on either ATG or basiliximab, and the IA sessions were continued posttransplantation until the serum creatinine level of <2 mg/dL was achieved and MFI stabilized at
the value of <1000. This desensitization protocol resulted in excellent outcomes at 2-year followup, with a graft survival rate of 100% and a median serum creatinine level of 1.42 mg/dL [40]. In
order to allow LDKT in six highly sensitized patients, Rostaing et al. [41] performed an IA-based
desensitization protocol plus IVIg, RTX, and ATG as induction therapy. This protocol effectively
reduced or eliminated the DSAs in 71% of the recipients at the time of transplant. Three recipients
manifested AMR, although the long-term renal function was satisfactory.
Woodle et al. [42] applied an alternative protocol that incorporated TPE, the proteasome
inhibitor bortezomib, and RTX, resulting in a significant decrease in the DSAs in both LDKT and
DDKT, achieving successful transplantation in 19 among the 44 highly sensitized patients and low
acute rejection rates (18.8%) at the time point of 6 months.
In a recent review, Malvezzi et al. [43] proposed an algorithm based on pre-transplant MFI
levels for the use of various TA techniques in the desensitization protocols. The authors suggested
that the use of TPE should be restricted to cases where the highest pre-transplant MFI is ≤9000. In
such circumstances, TPE should be delivered on a daily basis until the MFI is ≤3000. MFI must be
assessed after every five sessions. If the MFI of the DSA is between 9000 and 13000, DFPP could
be implemented on a daily basis. The rationale of this may be explained by the fact that, compared to
TPE, DFPP allows larger volumes of plasma to be treated. When the target of MFI < 9000 is
achieved, DFPP may be replaced by TPE. In the event of MFI > 12000 prior to the commencement
of the desensitization, IA has to be applied on a daily basis, as DFPP proves to be insufficient in
such cases. When the MFI is reduced (<6000), IA could be replaced by DFPP or TPE to obtain an
MFI threshold of ~3000. The usage of DFPP instead of going directly for IA when MFI is >9000 could be
attributed to the higher cost of the IA technique. However, in certain circumstances, the rate of
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DFPP sessions could be limited by the fibrinogen level, for example, when the fibrinogen level
prior to a DFPP session is <1 g/L. The authors concluded that in all these scenarios, as soon as the
MFI is reduced to a value <3000, KT may be performed, as the DSA strength would be low in that
case.
It is suggested that on the basis of the current studies and regardless of the cost of each TA
technique, the best strategy would be to apply IA plus RTX until the MFI becomes <3000. The
addition of IVIG might also be relevant in this setting.
3. Therapeutic Apheresis in Treatment of Antibody-Mediated Rejection
Early acute AMR may be severe and may result in graft loss, although it is also potentially
responsive to the currently available treatments [2]. On the contrary, late acute AMR (occurring at
greater than 6 months post-transplant) may present a mixed cellular and humoral rejection and is
often non-responsive to the current treatment methods, such as in case of chronic AMR, and in
certain cases, subclinical AMR. Late acute and chronic AMR may result from dnDSA formation, the
incomplete elimination of DSA following an earlier acute AMR episode, or the persistence of
preformed DSA even after the desensitization [2].
TA, as an adjunctive therapeutic option, holds a central position in the treatment of AMR. In
addition to the removal of DSAs, TA techniques remove cytokines, adhesion molecules, and
circulating complement regulatory components [44]. Moreover, evidence suggests that TA has
immunomodulatory effects as well. TA has been associated with a variety of autoimmune diseases
involving a decline in B cells and natural killer (NK) cells, and an increase in T cells, T suppressor
cell function, and regulatory T cells (Tregs) [45-48]. The immunomodulatory effects of TA
determine the increased susceptibility of cell-mediated and humoral immunity to the
immunosuppressive agents, and numerous therapeutic protocols integrate the administration of
these agents with TPE during the treatment of AMR in order to enhance their immunosuppressive
effects.
The ASFA guidelines strongly recommend the use of TA for the treatment of AMR, although the
quality of evidence provided by the current studies is moderate (Grade 1B) [6].
3.1 Therapeutic Apheresis and Intravenous Immunoglobulin
When acute AMR occurs, TPE or IA plus IVIG and increased immunosuppression are considered
the standard of care (SOC) treatment currently, as it may be used to decrease the antibody levels
and arrest the rejection process in majority of the patients [2].
In a recent meta-analysis by Wan et al. [49], it was demonstrated, on the basis of 5 RCTs, that
graft survival after antibody removal with TPE or IA resulted in no benefit in the trials with a
shorter follow-up (1–7 months) [50, 51], while the trials with a longer follow-up (2–5 years)
exhibited a trend toward a benefit [52-54].
In a recent retrospective cohort study investigating the use of TPE plus IVIG in the treatment of
late AMR, with approximately 50% of the patients having chronic histology lesions, Lee et al. [55]
demonstrated an improvement in graft survival in the intervention group compared to the control
group which did not receive any therapy, in a mean follow-up of 7 years. In contrast, Einecke et al.
[56] observed no effect on graft survival after treatment with TPE plus IVIG in late AMR, with
approximately 63% of the patients having chronic histology lesions.
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In conclusion, according to the currently available data, the basis of establishing TPE plus IVIG
as SOC treatment in AMR lacks strong evidence, and a high-quality RCT with sufficient power to
evaluate the efficacy of this treatment would provide the much-required reassurance on this
delicate topic. However, it is improbable that such a trial would be conducted due to the ethical
perplexity of enrolling patients in a no-treatment group, which has been historically associated
with high risks of graft failure.
3.2 Add-On Treatments to Therapeutic Apheresis and Intravenous Immunoglobulin
Different add-on treatments in the current SOC treatment have been proposed over time by
different transplant centers according to their preference [2, 49].
The use of RTX in acute AMR presented promising results as reported by several small-scale
retrospective series [57, 58]. In the first non-randomized study using RTX plus TPE/IVIG vs. IVIG
alone, Lefaucheur et al. [59] concluded that high-dose IVIG is inferior to combination therapy.
However, it was practically not possible to determine which among RTX or TPE led to the
improvement [59].
In addition, two retrospective cohort studies compared RTX plus TPE/IVIG to TPE/IVIG or IVIG
alone, and both reported an improvement in graft survival in the RTX group [60, 61]. The patients
in the RTX group, however, received a higher dose of TPE and IVIG, limiting the ability to provide a
direct comparison between the groups.
In a small multicenter double-blind RCT, comparing RTX plus TPE/IVIG to placebo plus TPE/IVIG
for the treatment of acute AMR, Sautenet et al. [62] demonstrated that no additional benefit was
achieved with the use of RTX in graft survival after 1 year. However, the 1-year follow-up period
may not have been sufficiently long to identify a difference in graft survival. Recently, Oblak et al.
[63], within the limitations associated with a retrospective cohort study, confirmed that there was
no evidence of any benefit of the addition of RTX to the SOC treatment for AMR in a longer followup period (2 years).
Bortezomib, a proteasome inhibitor, in several non-randomized retrospective studies and case
reports, has been described to benefit the treatment of acute AMR when used in combination
with TPE and IVIG [64, 65] or with TPE and RTX [66], while certain studies have reported no
improvement in e-GFR with the use of bortezomib as an add-on therapy with TPE and IVIG for late
AMR [67].
The single RCT comparing the use of bortezomib in combination with TPE and ATG vs. TPE, RTX,
and ATG or TPE and ATG alone, in patients with mixed AMR and acute cellular rejection, reported
observing no difference in graft survival among the three groups [68].
The complement inhibitor eculizumab, a humanized monoclonal IgG antibody that binds to the
complement protein C5 and inhibits the formation of MAC, and C1-INH, a serine protease inhibitor
that inactivates both C1r and C1s, thereby inhibiting the first step of the complement cascade,
have also been evaluated in combination with TPE and IVIG for the treatment of AMR.
Locke et al. [69] were pioneers in reporting the use of eculizumab in combination with TPE and
IVIG to treat severe AMR, demonstrating a reversal of the AMR episode. In a study conducted with
24 patients who developed severe oliguric AMR after HLA-incompatible LDKT, Orandi et al. [70]
demonstrated that a combination of splenectomy and eculizumab and RTX as an add-on therapy

Page 43/114

OBM Transplantation 2019; 3(4), doi:10.21926/obm.transplant.1904093

to TPE/IVIG resulted in effective intervention for rescuing and preserving allograft function,
compared to the use of splenectomy alone or eculizumab alone as the add-on therapy.
In an RCT in which 18 patients with acute AMR were subjected to C1-INH (Cinryze) plus
TPE/IVIG or placebo plus TPE/IVIG, Montgomery et al. [71] reported reduced transplant
glomerulopathy at 6 months in the C1-INH group. A multicenter phase III RCT (NCT02547220)
evaluating C1-INH as an add-on therapy to TPE/IVIG or IA/IVIG has concluded recently and the
results are awaited to be published.
In conclusion, various add-on treatment options are being employed with current SOC
treatment according to their targets in the steps of AMR pathogenesis, with different results.
Future RCTs should assess definitive endpoints, and until that happens, the regimen to be
followed should be considered on a case-to-case basis.
3.3 Extracorporeal Photopheresis
Extracorporeal Photopheresis (ECP) is a cell therapy procedure that begins with the separation
of peripheral white blood cells (WBCs) and non-nucleated cells from the plasma using
centrifugation. Subsequently, the isolated suspension of WBCs is subjected to extracorporeal
treatment using 8-methoxypsoralen (8-MOP), followed by exposure to ultraviolet A (UVA) light
prior to reinfusion in the patient [72]. The combination of 8-MOP and UV-A results in the crosslinking of the pyrimidine bases in DNA, leading to the apoptosis of lymphoid cells, largely T-cells
and the natural killer (NK) cells [73]. Upon reinfusion, apoptotic lymphoid cells are phagocytosized
by immature dendritic antigen-presenting cells (iDCs), which subsequently undergo maturation
and present the self-antigens in a pro-tolerant signaling environment [74]. The activated T cells
differentiate into several cell lineages, particularly Tregs, which mediate a specific immunological
tolerance through the induction of anergy or apoptosis in the self-reactive lymphocytes [74].
Over the years, indications for ECP have increased as it promotes anti-inflammatory and
tolerogenic responses without causing global immunosuppression [75]. In solid organ
transplantation, ECP has been successfully applied to treat acute heart allograft rejection and
chronic allograft dysfunction after lung transplantation [76, 77]. In addition, ECP has been used as
a part of calcineurin inhibitor (CNI) sparing protocols to reduce the drug side effects such as
nephrotoxicity and the neurological or infectious complications [78].
A limited number of reports are available on the use of ECP in chronic AMR. Sunder-Plassman
et al. [79], who employed intensive long-term ECP treatments (2 consecutive procedures every 2
weeks for 17 cycles), reported benefit in treating a single patient with chronic rejection.
Dall’Amico et al. [80] reported progressive improvement in renal function and consecutive biopsy
specimens during the course of application of ECP for treating one patient with chronic rejection.
In contrast, Horina et al. [81] reported no response in treating two patients with an approach
involving two consecutive ECP procedures per month for three months.
Finally, ECP has also been employed as a preventive treatment, as reported by a small case
series, with favorable outcomes, i.e., rejection did not occur in any of the treated patients and
there was a notable increase in circulating Tregs [82].
The current ASFA guidelines [6] do not consider this issue, as the relevant data are old and no
RCT is available. Further investigation and evidence on the usefulness of ECP in the prevention and
treatment of AMR are required.
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4. Conclusions and Future Direction
TA, with the variety of its techniques, represents a cornerstone in the prevention and
treatment of AMR. However, the preferred protocol has not been established so far, neither for
the sensitized candidates nor the transplant recipients with acute AMR, which remains a major
cause of KT failure. Currently, the majority of the transplant centers use protocols based on their
own experience, often with results conflicting with each other due to the retrospective design of
most of these studies and the limited number of participants in them. In the era of emerging novel
biological immunosuppressive therapies with increasing number of specific actions and immune
targets directed against cell-surface antigens or plasma-soluble molecules, the concerns such as
the optimal timing and dosage in the apheresis sessions and the preferred adjunctive
immunosuppressive therapy to TA remain to be challenging for the transplantation community.
Future therapeutic protocols, the ones that best address these open issues, for achieving better
clinical outcomes in the prevention and treatment of AMR, should emerge from well-designed
multicenter clinical trials.
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Abstract
Objective: The purpose of this study was to evaluate the common locations of perihepatic
fluid collections after liver transplantation, assess their complexity, and understand their
natural history and clinical significance.
Materials and Methods: A retrospective analysis of 189 postoperative orthotopic liver
transplant patients with a mean age 49.6 years was performed using serial CT or MRI to
characterize perihepatic fluid collections. Location, size, complexity of the collections, and
clinical course were evaluated.
Results: 76 patients (40%) presented with perihepatic fluid collections with a total of 116
collections. 45 pts (59%) had a one collection, 23 pts (30%) had two, 7 pts (9%) had three and
one patient (1%) had four. Collections were seen in commonly seen in certain locations, with
38 (33%) in segment 5/6, 37 (32%) in the ligamentum venosum/pericaval region, 12 (10%) in
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the porta hepatis, 11 (9%) the pericapsular/subdiaphragmatic location, 10 (9%) along the
fissure for ligamentum teres, and the remaining 8 (7%) collections in ‘other’ less frequent
perihepatic locations. The vast majority, 100/116 (86%) of all collections were simple and
95/105 (90%) of all collections resolved, decreased or stable on follow up. Collections
located in pericapsular /subdiaphragmatic region were significantly more likely to be
complex. Sixteen of the 116 collections (14%) were complex, and 4 of these required
intervention.
Conclusions: Perihepatic fluid collections are seen in 40 % of patients after liver transplant.
Fluid collections were commonly seen in certain locations, most commonly seen in a cleft
between segment 5/6, the ligamentum venosum/ pericaval region, the porta hepatis, and
the fissure for ligamentum teres. Collections in these locations tend to be simple by imaging
criteria and rarely require follow up. Further evaluation may be warranted if collections are
symptomatic, enlarging, have complex imaging features, or located in an atypical location.
Keywords
Incidence; location; natural history; perihepatic fluid collections; orthotopic liver
transplantation

1. Introduction
The definitive treatment for end-stage chronic liver disease and acute liver failure is orthotopic
liver transplantation since the first liver transplant in 1963 [1], and now is considered standard
therapy [2]. Hepatic transplant complications manifest in various ways including biliary strictures,
stones, and leakage, arterial and venous stenoses and thrombi, and ﬂuid collections, both simple
and complex [3, 4].
Although ultrasound is commonly used in the immediate post-operative period, liver transplant
patients often have follow-up imaging with CT or MRI for post-transplant complication, or as part
of routine surveillance in patients with a history of hepatocellular carcinoma of the explanted liver.
These modalities are not only able to assess for disease recurrence, but also provide a
reproducible method of assessing of the exact size, number and locations of perihepatic fluid
collections. Furthermore, CT and MRI are able to distinguish simple from complex fluid, which may
represent purulent material, gas, or hemorrhagic products [5-11].
The radiologist interpreting CT or MR images in the post liver transplant patients often detects
perihepatic fluid collections, which may be misinterpreted as potentially pathologic. As such, it is
important for the radiologist to know the common locations, appearance, and natural history of
these collections. These collections may represent infection or bile leaks, and thus, based on the
clinical presentation of the patient, there may be a need for intervention for diagnosis, as well as
treatment [12, 13].
Perihepatic fluid collections are often seen in post-operative transplant patients and have been
described in the perihepatic spaces as well as near the vascular and biliary anastomoses [14].
Collections are often seen on routine early postoperative ultrasound (US) performed to assess
hepatic vasculature patency. Seromas and hematomas may be found during the first few days after
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transplantation and often disappear on follow-up imaging. There is rarely a need for intervention
of these collections unless there is respiratory compromise or significant mass effect on the portal
vein or inferior vena cava [14-16].
The purpose of this study was to describe the common locations of post liver transplant
perihepatic fluid collections on CT and MRI in an effort to learn which collections may be
considered as incidental. We also tried to understand the natural evolution of these fluid
collections on follow-up CT/MRI, and any associations between location, appearance and clinical
significance.
2. Materials and Methods
This study was presented to, reviewed by, and approved by this institution’s affiliated
institutional review board. Given the retrospective nature, a waiver was obtained.
The patients were gathered by a search of the radiology report data system inquiry over a 10year period. In our study, 189 post liver transplantation patients were imaged with MRI (115
patients) and CT (74 patients), performed overwhelmingly as part of routine surveillance. There
were 138 male and 51 female patients. The average age at time of transplantation was 49.6 yrs
(range 0.5 – 75.1 years). There were 3 pediatric patients, with a mean age 1.6 years. All postoperative imaging was performed at our institution.
All 115 MR examinations after transplantation were performed during suspended respiration
with a 1.5-T system and a phased-array coil (Symphony/Avanto; Siemens). The sequence specifics
varied minimally over time and scanner, but the vast majority of the patients were imaged with the
following protocol: two-dimensional coronal and transverse single-shot fast spin-echo T2-weighted
MR imaging (TE: 60-100 msec), transverse inversion recovery T2-weighted MR imaging (TR/TE:
4000 – 6000/90 –100; TI: 150), fat-saturation spoiled gradient echo T1-weighted imaging (TR/TE:
175-200/4.4, 70° flip angle), spoiled dual gradient-echo T1-weighted in- and out-of-phase MR
imaging (TR/TE: 125 –200/2.1 and 4.6, 70° flip angle). Parameters for two-dimensional images
included 5– 8 mm-thick sections with a 1-mm intersection gap, 256x 115 –192 matrix, 32 by 24 cm
field of view. Three-dimensional (3D) interpolated dynamic contrast-enhanced spoiled dual
gradient-echo dynamic fat- suppressed MR images were obtained with a slice thickness of 1.5- 2.0
mm (TR/TE: 3.8– 4.3/1.2-1.4, 12° flip angle) pre and dynamic post infusion of gadolinium.
Gadopentetate dimeglumine–enhanced images (Magnevist, Berlex Laboratories, Monteville, NJ)
were acquired with a dose of 0.1 mmol/kg of body weight.
CT was performed with two separate (16 and 128 slice) CT scanners (Siemens Medical System,
Iselin, NJ) in 74 examinations following the standard liver transplantation protocol, which includes
a portal-venous phase (70 sec delay) and a delayed phase (120 sec delay). Iohexal 350 enhanced
images (Omnipaque, GE Healthcare Co, Princeton, NJ) were acquired at a dose of 2ml/kg of body
weight.
Two radiologists with 2 and 5 years of experience independently read available MRI and CT for
each patient. The reviewer evaluated the presence or absence of perihepatic fluid collections, their
number, size and location.
Fluid collections were measured in transverse and anterior-posterior dimensions on axial slices
(length by width in cm) using Philips PACS software. As some collections were long and thin, while
others were round, rather than use the longest dimension to describe its size, we multiplied the
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two measurements in the axial plane to create an ‘area-equivalent metric’ (recognizing that this is
the equation for area of a square). Given the odd shapes and on occasion, intra-fissural location,
performing volume assessments were difficult, and are not routinely performed in clinical practice,
we used this metric to compare the size of collections.
After initial measurement, the location of all fluid collections was categorized using standard
liver segmental anatomy and descriptions. Each fluid collection was categorized as simple or
complex. The criteria used are as follows: On MRI, simple fluid collections demonstrated signal that
paralleled simple fluid: hyperintense signal on T2 weighted images, hypointense signal on T1
weighted images, and no enhancement, using cerebral spinal fluid as visual internal reference. On
CT, simple collections were homogenous, hypoattenuating with Hounsfield units of simple fluid
(HU<10) and without enhancing components. If these criteria were not met, these were defined as
complex fluid collections. Presence of gas within a fluid collection was categorized as a complex
fluid collection.
The natural evolution of the fluid collections was evaluated. All collections were followed on all
available subsequent cross sectional studies to identify the persistence of fluid collections, and if
present, to assess for changes in size, whether these were simple verses complex, and if there was
any intervention performed for the collections, and if so, the patient’s clinical status and outcome.
All data collected was submitted for statistical analysis, using frequencies and percentages for
categorical variables and means and standard deviations for continuous variables. Bivariate
associations were examined using Fisher’s exact test for categorical variables and Analysis of
Variance (ANOVA) with Bonferroni adjusted post-hoc tests for continuous variables. Significance
was assessed in all cases at the 0.05 or 0.01 for p-value.
3. Results
Of the 189 patients, 76 patients (40%) presented with a total 116 fluid collections (Table 1).
Patients with no fluid collections were imaged at a mean of 374.8 days (1-3903 days) after
transplant, while patients with a fluid collection were imaged earlier, with a mean of 92.3 days (1 2031 days).
Of the 76 patients, 45/76 (59%) had a single fluid collection while smaller subset 23/76 (30%)
had two collections, with, 7/76 (9%) with three collections, with 1/76 (1%) had four collections.
The majority (33%) of the collections were found in the cleft between segment 5 and segment 6
(Figure 1A) followed by 31% in the pericaval / ligamentum venosum regions (Figure 1B) 10% in the
porta hepatis (Figure 1C), 10% in the right subcapsular/subdiaphragmatic regions (Figure 1D), 9%
along the course of the fissure for ligamentum teres, (Figure 1E), and 7% in other locations, such as
along the left hepatic lobe or Morrison’s pouch.
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Table 1 Summary of all fluid collections.
Total Fluid Collection
Locations

Total Number of
Fluid Collections

# of
Simple/Complex
Fluid Collections

Mean # of days from
transplant to first
imaging (Range)

Mean LxW* in cm2
(Range)

# of Fluid
Collections
Drained

Segment 5/6

38

35/3

98.5 (4-626)

3.9 (0.21-24.2)

1

Pericaval/Ligamentum
Venosum

37

37/0

124.8 (3-2031)

5.4 (1.7-15.1)

1

Porta Hepatis

12

9/3

34.5 (4-107)

18.2 (1.8-53.8)

2

Pericapsular/subdiaphragmatic

11

7/4

55.1 (1-153)

42.6 (3.3-172.5)

1

Fissure for ligamentum teres

10

10/0

92.8 (29-228)

5.0 (1.4-9.4)

0

Other

8

2/6

49.1 (10-93)

50.9 (4.6-210.0)

2

*L=length; W=width
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Figure 1 Common locations of post-transplant fluid collections (A-E) demonstrating
simple fluid collections. A. Axial T2 WI -Cleft between segment 5/6(arrowheads): most
common. B. Axial T2 WI -Pericaval region/ ligamentum venosum (arrowhead); second
most common site. C. Axial T2 WI - Porta Hepatis (arrowhead); third most common
site. D. Axial iv contrast enhanced CT-Pericapsular/subdiaphragmatic (arrowhead);
fourth most common site. E. Axial T2 WI-Fissure for ligamentum teres, (arrowhead);
fifth most common site.
Of the patients with fluid collections, the overall mean size by ‘area-equivalent metric’ was 13
cm2 with a standard deviation of 29 cm2 (13 ± 29 cm2). The smallest size of collections by ‘areaequivalent metric’ was 0.21 cm2 and the largest was 210 cm2. The collections in the right
subcapsular/subdiaphragmatic region and ‘other’ regions than commonly described sites are
significantly larger than the other locations (p < 0.001).
Of the 116 perihepatic fluid collections, 100 simple fluid collections were seen, with an average
time to imaging of 103.6 days. The locations of the simple collections were most often seen in the
cleft between segment 5 and segment 6 and in the pericaval / ligamentum venosum regions in
72/100 (72%). No further follow-up imaging was available at the time of data collection in 10/100
(10 %) of simple fluid collections. Of these simple collections with follow-up, 87/90 (97%) resolved,
decreased or was stable in size on follow-up imaging. However, 3 'simple' fluid collections were
sampled percutaneously because of a clinical concern for bilomas in 2 patients and due to an
increase in size in one patient. All of the 'simple' fluid collections requiring percutaneous sampling
resolved on available follow up imaging.
There were 16 complex fluid collections seen, with an average time to imaging of 21.6 days
(Table 1). Based on imaging and clinical presentation, 13 (81%) of these were felt to represent
hematomas (Figure 2 and Figure 3) based on symptoms and imaging, while the remaining 3 (19%)
collections were concerning for abscesses (Figure 4). Of these complex collections, 4 (25%)
required therapeutic intervention, with a drain placed for a hematoma in 2 patients and for
abscess in two patients, with a fine needle aspiration performed for infection in one patient with a
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small collection that was subsequently treated with antibiotics.

Figure 2 A and B. Coronal and axial non-contrast CT images demonstrate a
heterogeneous complex subdiaphragmatic fluid collection (arrowheads) thought to be
a hematoma.

Figure 3 A and B. Axial T1 fat-saturated and T2-weighted images demonstrate a
complex fluid collection (arrowheads) within Morrison’s pouch. Note the rim of
increased signal intensity on T1-WI with decreased signal intensity on T2-WI, most
consistent with a hematoma.

Figure 4 Axial iv contrast-enhanced CT image in a febrile patient demonstrates a
complex porta hepatis fluid collection (arrowhead) that contains a single focus of gas
consistent with an abscess. An additional pericapsular/subdiaphragmatic fluid
collection is seen (asterisk).
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When fluid collections were seen within the common location (95%-100% in the top 5 common
locations), these were overwhelmingly simple. However, when fluid collections were located in
pericapsular / subdiaphragmatic region and the ‘other’ regions, these were more likely to be
complex (p < 0.001). Furthermore, these collections were significantly larger (Table 1) than the
other locations (p < 0.001). Complex fluid collections tended to be drained (not statistically
significant p = 0.195).
4. Discussion
In this study, using data predominantly from routine post-transplant surveillance imaging
perihepatic fluid collections are seen in 40% of patients post liver transplant, and are commonly
located in certain anatomic locations. In the present study, this was most commonly seen in a cleft
between segment 5 and 6, followed by the ligamentum venosum/pericaval regions, and porta
hepatis, the pericapsular/subdiaphragmatic regions, and the fissure for ligamentum teres.
When simple perihepatic fluid collections were seen in these typical expected locations, the
vast majority remained stable, decreased or resolved on follow up, and if asymptomatic, no
intervention was performed. The incidence of complex fluid collection was considerably lower,
with 16 collections seen. Of the complex collections, 4(25%) of these were drained. The
pericapsular /subdiaphragmatic locations and ‘other’ nonspecific locations showed significant
association with complexity, as well a larger size of the collection.
The commonly seen locations of fluid collections are likely due to the surgical dissection of
normal peritoneal reflections in these spaces [14] at the time of transplantation. Thus, fluid
accumulates in these predictable sites, as seen in this study. Disruption of the lymphatics along the
surgical reflections is thought to be another etiology for the development of perihepatic
collections [17].
This study suggests that if a simple fluid collection is seen in the common locations described,
without an increase in size and or clinical symptoms in a patient seen on routine surveillance
imaging, the collection is likely to be clinically irrelevant, and in this study, 97% of these simple
collections resolved or decreased in size on follow up images. On the other hand, if a collection
occurs in an unusual location, is increasing, or symptomatic, this may warrant further evaluation.
Although prior authors have described locations of post liver transplant collections [18-22],
these studies have not looked at their frequency and associations with clinical outcome, nor
evaluated them on follow up imaging.
There are limitations to this study. First, it is a retrospective study. Second, as the imaging
interval of these studies was based on clinical need, and as there was no consistent time frame for
imaging in the peri- and post-operative period, true prevalence cannot be assessed. At our
institution, routine abdominal ultrasound examinations with duplex Doppler are performed on
post-operative days 1 and 2 to evaluate for transplant vascular patency. Accurate localization and
reproducible measurement of all postoperative fluid collections via ultrasound in ICU patients is
challenging, given patient state and limited field of view of the entire liver. For these reasons, we
decided not to include fluid collections identified on routine postoperative abdominal ultrasound
examinations in our analysis. The goal of our study was not to identify the perioperative incidence
of post-transplant fluid collections, but to describe the history and progression of fluid collections
identified throughout the postoperative period and predominantly during routine follow up, and
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help radiologists and transplant surgeons learn of their common expected locations. Thirdly, the
number of cases with complex collections were small and therefore we recognize that the
association between complexity and the pericapsular /subdiaphragmatic locations and ‘other’
nonspecific locations should be evaluated somewhat cautiously. The clinical utility of this study is
to recognize the common locations of perihepatic fluid collections post liver transplant, and
evaluate for simple versus complex fluid and correlate with patient symptoms in order to best
guide patient management and need for intervention.
5. Conclusions
Perihepatic fluid collections in the transplant liver are seen in about 40% of patients, most often
single, and are typically located in a cleft between segment 5 and 6, the pericaval/ligamentum
venosum region, and within the porta hepatis, as well as along the pericapsular region and, and
the fissure for ligamentum teres.
The majority of the collections are clinically insignificant. They predominantly have simple
imaging characteristics, and resolve or decrease in size on follow-up.
There may be an association between collections that are complex or large and identified in
atypical locations such as the pericapsular/subdiaphragmatic area and ‘other nonspecific’ location.
These may require further evaluation, based on patient clinical presentation.
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Abstract
Toxoplasmosis in liver transplantation (LT) is uncommon, especially in the current era of
universal prophylaxis with trimethoprim-sulfamethoxazole (TMP-SMX) for Pneumocystis
jirovecii pneumonia (PJP). Here we present a case of a 55-year-old woman LT recipient, on
dapsone or PJP prophylaxis due to sulfa allergy, who presented on day 25 after LT with fever,
diarrhea and abdominal pain. Initially she was diagnosed with cytomegalovirus-associated
colitis and was treated with intravenous ganciclovir, with good clinical response. On day 39
after LT she started having fevers again. In the setting of Toxoplasma IgG seropositive donor,
recipient’s toxoplasma serologies were checked, and IgM was positive with weakly positive
IgG. Qualitative polymerase chain reaction in blood confirmed Toxoplasmosis. Donorderived infection was considered “probable” because retrospective testing of stored pretransplant recipient serum was not performed. No evidence of toxoplasma disease was
documented. Patient was treated with pyrimethamine, clindamycin and leucovorin; later
changed to atovaquone due to intolerance, with good clinical response. Our case highlights
the importance of considering toxoplasmosis in the differential diagnosis of undifferentiated
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febrile illness, especially in LT recipients who are at high risk for primary infection with this
organism and not receiving antimicrobial prophylaxis active against toxoplasmosis.
Keywords
Toxoplasma gondii; liver transplant; donor-derived

1. Introduction
Toxoplasmosis is a zoonosis that infects humans worldwide; prevalence and clinical severity
vary by geographic area [1-3]. In 2018, the United States (US) Centers for Disease Control and
Prevention (CDC) estimated that infection rates vary from 11% in the US population to over 95% of
the population in some countries (Western Europe, Africa, and South and Central America) [4, 5].
Although infection is asymptomatic in more than 80% of immunocompetent hosts, T. gondii
may be fatal in immunocompromised hosts with mortality approaching 100% if untreated [1, 6]. In
the solid organ transplant (SOT) population, toxoplasmosis is well described after cardiac
transplantation. However, it has been considered rare after liver transplantation (LT), with few
sporadic cases reported over the years [7-9].
Donor-derived infection (DDI) is considered a possible mechanism for toxoplasma infection in
LT [6-9]. This is supported by a mouse model of toxoplasmosis, which has shown that liver could
be a target for Toxoplasma encystment, although parasitic loads appeared to be much lower than
in the heart [10]. Without specific antecedent immunity (toxoplasma IgG seronegative recipient)
and in the context of immunosuppression, bradyzoites transform into tachyzoites (active
replicative form) without any control and can result in a potentially fatal infection [2]. On the
other hand, reactivation of latent toxoplasma infection in the toxoplasma IgG seropositive
recipient is rare in all SOT types, and usually occurs in the context of augmented
immunosuppression for treatment of rejection [8, 9].
Here we report a case of “probable” donor-transmitted toxoplasmosis in a LT recipient at our
transplant center and review current published literature.
2. Case
A 55 year-old woman with history of end-stage liver disease due to autoimmune hepatitis (AIH)
underwent orthotopic LT. She received antirejection therapy with tacrolimus, mycophenolate
mofetil (MMF), and prednisone, without induction immunosuppression. Prior to transplant she
had been receiving azathioprine and prednisone for AIH for 2 years. Her pre-transplant IgG
cytomegalovirus (CMV) serology was negative and the donor’s was positive. Epstein-barr virus
(EBV) IgG serology was positive in both the recipient and donor. Her early post-transplant course
was uneventful. She was on acyclovir for Herpes simplex virus and Varicella zoster virus
prophylaxis and periodical blood quantitative CMV polymerase chain reaction (PCR) for preemptive monitoring. Because of a history of severe rash with sulfa, she received oral dapsone for
Pneumocystis jirovecii pneumonia (PJP) prophylaxis rather than trimethoprim-sulfamethoxazole
(TMP-SMX).
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On post-transplant day 25, she developed fever up to 38.8 ⁰C, associated with nausea, diarrhea,
poor appetite, and abdominal pain. Laboratory tests showed white blood cell count of 6.4x10 3/uL,
hemoglobin of 9.0 g/dL, platelet count of 190x103/uL, and creatinine 1.06 mg/dL. Stool
Clostridiodes difficile PCR was negative. Bacterial stool culture was negative for Escherichia coli,
Salmonella species and Shigella species. Campylobacter species and Shiga toxin-producing
bacteria by enzyme immunoassay were negative. Norovirus PCR in stool was negative. Stool
microscopic exam for ova and parasites was negative. Blood cultures were negative.
Nasopharyngeal swab for viral respiratory pathogens (including Influenza A, Influenza B,
Respiratory syncytial virus, Parainfluenza virus, Metapneumovirus, Rhinovirus and Adenovirus) by
PCR was negative. CMV blood PCR was 474 IU/mL (175 IU/mL one week prior). MMF was held due
to diarrhea. Intravenous (IV) ganciclovir (GCV) was started at 5 mg/kg every 12 hours and
subsequently IV piperacillin-tazobactam was added for persistent fever. Computerized
tomography (CT) of the abdomen with oral and IV contrast showed moderate periportal edema
but no fluid collections. Colonoscopy was performed due to persistent profuse diarrhea, which
showed CMV colitis by immunohistochemical staining (IHCS). GCV dose was increased to 10 mg/kg
every 12 hours, which resulted in transient leukopenia and thrombocytopenia. CMV blood PCR
peaked at 3,281 IU/mL. After 10 days of treatment with IV GCV, fever and gastrointestinal
symptoms resolved. However 4 days later, she developed recurrent high-grade fevers without
localizing symptoms, as well as methemoglobinemia that required discontinuation of dapsone and
initiation of monthly inhaled pentamidine. At the same time, leukopenia had resolved, but alkaline
phosphatase increased to 259 U/L, alanine aminotransferase 39 U/L, and aspartate
aminotransferase 62 U/L, while total bilirubin remained normal. Blood CMV PCR had decreased to
547 IU/mL and blood cultures remained negative. CT chest showed small bilateral pleural effusions,
and repeat abdominal CT with IV contrast showed improved periportal edema and stenosis of
right hepatic vein and common hepatic artery, which was managed by percutaneous endovascular
stenting. No liver lesions or biliary dilation were seen on CT. Endoscopic retrograde
cholangiopancreatography showed mild common bile duct stenosis that was managed by
endoscopic stenting. Liver function normalized, however fevers persisted. Repeat colonoscopy
was grossly normal, and tissue IHCS for CMV was negative. Histoplasma urine antigen and serum
Cryptococcal antigen were negative, and blood CMV PCR was detectable, but ≤ 137 IU/mL. Since
the donor’s toxoplasma IgG was positive, the recipient was tested for Toxoplasmosis. Toxoplasma
IgM by chemiluminescence immunoassay was 160 AU/mL (negative < 8), IgG 10.8 (positive >8.8
IU/mL). Toxoplasma qualitative real-time PCR in blood was positive; confirming Toxoplasma
infection. Magnetic resonance brain imaging with IV contrast did not show space-occupying
lesions suggestive of toxoplasma encephalitis. Cerebrospinal fluid analysis was not performed
because there was no clinical suspicion for encephalitis. Since she did not have visual symptoms,
dilated fundoscopic ophthalmologic exam was not pursued. She was treated with pyrimethamine,
clindamycin and leucovorin. Fever resolved 6 days after initiating this therapy. Later on, regimen
was changed to atovaquone due to diarrhea; suspected to be due to clindamycin. Patient
completed 6 weeks of this therapy with complete resolution of symptoms. No lifelong suppression
to prevent recurrence of toxoplasmosis was offered, because the likelihood of reactivation was
assumed to be low after LT. No clinical relapse was documented over a 2 year period of follow up.
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3. Literature Review
A Medline/PubMed search was performed for “toxoplasmosis” and “LT”. We encountered a
total of 14 adult cases of toxoplasmosis in LT recipients published in the English Literature from
1999 through September 2019 [7, 11-20]. Most of them occurred in Europe and only 2 in the
United States. Table 1 illustrates the main characteristics. There were 2 cases of combined liver
with another organ transplant [15]. Lung involvement was the most common presentation. Two
cases had disseminated involvement [12, 16]. Among cases with documented toxoplasma
serologies, 6 of them had pre-transplant mismatched serostatus (donor seropositive/recipient
seronegative) [7, 11, 14, 16, 18, 19], 5 occurred in seropositive recipients, and serologies were not
reported in 3 cases. The median number of days from LT to onset of illness in the 14 patients was
38 days, in mismatched cases was 32 days, and in seropositive recipients was 41 days, with the
earliest one occurring after 12 days in a mismatched case [14]. 12 LT recipients were on steroids,
which have been associated with propagation of both tachyzoites and bradyzoites in infected mice
[21]. 4 recipients had received antithymocyte globulin (ATG). Immunosuppressive therapy was not
reported in 3 seropositive recipients [17]. The latest reported case presented 7 months after LT
with Chorioretinitis, despite having received TMP-SMX prophylaxis for the first 3 months after LT
[19]. 8 of the cases included in the current review were not receiving TMP-SMX prophylaxis at the
time of Toxoplasmosis diagnosis. In 5 cases, it was not documented whether prophylaxis was given
or not. In the single case that was receiving prophylactic TMP-SMX 4 times per week, this did not
prevent the development of toxoplasmosis [13]. Of note, that patient was treated with ATG for
rejection and the degree of compliance with immunosuppressive medications and prophylactic
TMP-SMX was not specified. 9 of the 14 patients survived. Of those nine, 6 were documented to
have received secondary prophylaxis [7, 13, 17, 19]. Secondary prophylaxis was discontinued in 1
patient when CD4 count reached > 200 cells/mm3 [13]; and in another due to myelosuppression
[19]. After an average duration of follow-up of 16 months that was reported in 6 of the 9 survivors,
no relapses were documented despite the discontinuation of secondary prophylaxis.
4. Discussion
Toxoplasmosis has been infrequently reported after LT. Even in toxoplasma donor
seropositive/recipient seronegative patients, the risk of transmission is lower than in heart
transplant recipients (20% vs 50%) [22]. For that reason, toxoplasmosis is not usually entertained
in the differential diagnosis of febrile illness in LT recipients.
We described a case of a LT recipient who was diagnosed with “probable” donor derived
toxoplasmosis based on the early onset of symptoms (day 39 after LT), strongly positive
toxoplasma IgM, weakly positive IgG, positive blood PCR, and the lack of other obvious routes of
acquisition. Patient had not been tested pre-transplant and unfortunately retrospective testing of
stored pre-transplant recipient serum could not be performed to consider “proven” donor derived
infection [23].
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Table 1 Published cases of Toxoplasmosis in liver transplant recipients.
Publication
year
2000 (11)
2002 (12)

Concomitant
Country

Age/Gender

D/R

IS

Prophylaxis

Days from LT
Clinical presentation

for PJP
France
France

43/F
53/NA

D+/RD?/R+

Cyclosporine, prednisone
ATG, tacrolimus,
prednisolone

none

to

Outcome

presentation
Panuveitis

Secondary
prophylaxis

Relapse
/follow-up
duration

21

Survived

none

none / 1 year

22

Died

-

-

Disseminated (lung,
NA

heart, liver, kidneys,
pancreas, spleen)

TMP-SMX
2002 (13)

Argentina

53/F

D?/R+

ATG (rejection),
tacrolimus, prednisone

160/800mg
4xweek

Pyrimethamine
Pneumonia

41

Survived

during

x1y (stopped once
CD4>200)

none / 18
months

episode
2002 (14)

France

27/F

D+/R-

methylprednisolone,
tacrolimus, MMF

NA

Fever,
pancytopenia/Pneumonia

12 /26

Died

-

-

ATG, cyclosporine,
2002 (15)

Germany

65/F*

D?/R?

azathioprine,

NA

Encephalitis

88

Died

-

-

NA

Encephalitis

13

Survived

none

none / 2 years

prednisolone
ATG, cyclosporine,
2002 (15)

Germany

32/NA**

D?/R?

azathioprine,
prednisolone

2006 (7)

2007 (16)

US

Netherlands

52/M

36/M

D+/R-

D+/R-

prednisone, tacrolimus,

Inhaled

MMF. High dose steroids

pentamidine

x rejection

(sulfa allergy)

prednisone, cyclosporine,
MMF

NA

sulfadiazine
Pneumonia

32

Survived

+pyrimethamine,
then atovaquone +

none / 1 year

pyrimethamine***
Disseminated (lung, liver,
spleen)

44

Died

-

-
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2008 (17)

Turkey

NA

D+/R+

NA. No rejection

2008 (17)

Turkey

NA

D+/R+

NA. No rejection

2008 (17)

Turkey

NA

D+/R+

NA. No rejection

2016 (18)

France

62/F

D+/R-

2016 (19)

2019 (20)

2019 (PR)

UK

US

US

32/F

62/F

55/F

D+/R-

D?/R?

D+/R?

prednisone, tacrolimus,
MMF

TMP-SMX
discontinued
TMP-SMX
discontinued
TMP-SMX
discontinued
none

prednisone, tacrolimus,

TMP-SMX

MMF. High dose steroids

first 3

x rejection (2)

months

prednisone, tacrolimus,
MMF

Fever, visual disturbances

44

Survived

TMP-SMX

NA

Fever, visual disturbances

34

Survived

TMP-SMX

NA

Fever, nauseas

54

Survived

TMP-SMX

NA

Pneumonia

31

Died

-

-

TMP-SMX.
Chorioretinitis

210

Survived

Stopped for
myelosupression

Inhaled
pentamidine

none / 2 years

Encephalitis

90

Survived

NA

39

Survived

none

(renal issue)

prednisone, tacrolimus,

Dapsone

Fever without localizing

MMF

(sulfa allergy)

symptoms

none / 6
months
none / 2 years

M, male;F, female; LT, liver transplant; NA, not available; D+, seropositive T gondii donor;D-, seronegative T gondii donor; R+, seropositive T gondii recipient; R-, seronegative T gondii recipient; IS,
immunosuppression; PR, present report; ATG, thymoglobulin; MMF, mychopenolate mofetil; TMP-SMX, trimethoprim-sulfamethoxazole.
*combined liver-pancreas-kidney; **combined liver-pancreas; ***Developed kidney stones on sulfadiazine.
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Pre-transplant universal screening of LT candidates for toxoplasma serology has not been a
standard practice in countries with low prevalence such as the US, in contrast with some European
countries [24]. However, current guidelines from the Infectious Diseases Community of Practice
(IDCOP) of the American Society of Transplantation (AST) recommends screening “all” donors and
recipients with toxoplasma IgG, in order to identify patients at higher risk (donor seropositive/
recipient seronegative) and implement prophylactic strategies (strong recommendation, high
quality of evidence) [4].
It is uncertain how much the lack of use of prophylactic TMP-SMX could have predisposed our
patient for toxoplasma infection. It is thought that wide use of TMP-SMX for PJP prophylaxis
provides additional protection against toxoplasma infection. Data supporting the efficacy of
toxoplasma-specific prophylaxis in LT are limited, unlike in heart transplant recipients, where this
is clearly indicated [9, 25]. Two large multicenter studies in areas with high seroprevalence of
toxoplasmosis have shown that most cases were reported in patients not receiving prophylaxis [5,
26]. Conversely, a Canadian single center study found that although TMP-SMX prophylaxis was
given in just 58% of mismatched LT recipients, only 1 of them experienced asymptomatic
seroconversion in the setting of short interruption of TMP-SMX [1]. Interestingly, current
transplant guideline highlights that prophylaxis with TMP/SMX should be considered for D+/R non‐
cardiac recipients [4].
The time of presentation for donor-derived toxoplasmosis in LT recipients is usually within the
first 3 months after transplantation, but cases occurring as early as 2 weeks post-transplant have
been described in the literature [8, 14]. Clinical presentation is usually non-specific and includes
fever, respiratory distress, neurologic manifestations and bone marrow suppression [27]. The
severity of clinical features depends on the degree of antecedent immunosuppression and timing
of institution of specific anti-toxoplasma therapy [8]. Our patient presented with isolated fever
without any evidence of multi-organ involvement, which is unusual in the very
immunocompromised host (Table 1). One explanation could be that induction
immunosuppression with a T cell depleting agent was not employed. On the other hand, the use
of highly sensitive diagnostic tests (PCR) allowed a rapid confirmation and early initiation of
therapy. It is well known that delay in treatment of toxoplasmosis can result in high fatality rate [1,
4, 9, 22].
Laboratory diagnosis of toxoplasmosis traditionally relies on the presence of IgM antibodies or
on IgG seroconversion. However, in immunocompromised patients, seroconversion may be
delayed and even absent [2, 8]. Due to its better sensitivity and specificity, PCR of blood and body
fluids is strongly recommended for a timely diagnosis of acute toxoplasmosis in SOT recipients [4].
CMV co-infection has been previously reported in LT recipients who developed toxoplasmosis,
and this also occurred in our patient. Fernandez-Saba et-al found that diagnosis of CMV disease
within the preceding 6 months was significantly associated with toxoplasmosis in SOT recipients
on univariate analysis [OR 7.81, CI 1.81–33.59; p=0.004] [5]. However, this association was not
significant by logistic regression multivariable analysis. Up to 50% of recipients with CMV and
toxoplasma co-infection in Galvan’s systematic review had fatal outcomes, which might suggest
that CMV could worsen outcomes by its indirect immunomodulatory effects [6, 13].
The 2019 updated guidelines from the IDCOP of the AST recommends that lifelong
antimicrobial secondary prophylaxis/suppression should be considered in all SOT recipients, since
such medications are effective against the proliferative tachyzoite form but not the encysted
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parasite [4]. We decided not to administer secondary prophylaxis to our patient, because
toxoplasma bradyzoites are less likely to be harbored in the liver, and the level of
immunosuppression in our patient was already low.
In summary, toxoplasmosis should be considered in the differential diagnosis of non‐specific
febrile illnesses in LT recipients, especially those known to be at increased risk due to seropositive
donors/seronegative recipients, and inability to tolerate TMP-SMX prophylaxis. Early clinical
suspicion, use of high quality diagnostics such as PCR, and early initiation of effective antimicrobial
therapy may prevent fatal outcomes in this patient population. If universal pre-transplant
screening of LT recipients is not an option in a transplant program, retrospective testing of stored
pre-transplant recipient serum should be considered when toxoplasmosis is suspected clinically;
particularly when the donor is seropositive and the recipient was not on any prophylactic regimen
with anti-toxoplasma activity.
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Abstract
Introduction: TH-17 and IL-6 interactions and detrimental biologic effects have been shown
in rodent models of Chronic Lung Allograft Dysfunction (CLAD). Similarly, these pathways
have been found to be upregulated in human CLAD. Tocilizumab (TCZ), a humanized
monoclonal antibody targets the IL-6 receptor subunit alpha and prevents binding of IL-6.
We herein report our preliminary experience with adjunctive TCZ therapy for human CLAD.
Methods: We retrospectively reviewed our initial experience with TCZ given after other
immunotherapies for CLAD. Linear Regression Slopes for Forced Expiratory Volume-1 sec
(FEV-1/Month) (L/month), infection incidence, Single Antigen Flow Cytometry HLA Class I &
II Donor-specific antibodies (DSA), Non-HLA Auto-antibodies (EC-1 & 2; AT1R) and adverse
events.
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Results: Nine LT recipients with CLAD Stages: BOS I (N=2), BOS II (N=4), BOS III (N=2), RAS
(N=1) who received > 3 months treatment with TCZ (4-8 mg/Kg/month intravenous) in
combination with Rabbit ATG (N=5), Rituximab (N=1) and IVIG (N=9) were analyzed. Median
FEV-1/Month Slope PRE- therapy was -0.132+0.148 L/month and for POST-era this was 0.012+0.049 (P=0.011). HLA DSA Class I & II decreased in 75% LT recipients while Non-HLA
antibodies were unaffected by these therapies. Respiratory viral infection (N=2) and fatal
cardiac event (N=1) occurred in this cohort.
Conclusion: Combination Sequential Immune modulation using Tocilizumab for CLAD after
LT can ameliorate the Spirometric decline and would be appropriate for further MultiCenter, controlled clinical trials based on our knowledge of allo-immunologic pathobiology
and these pilot human data.
Keywords
Tocilizumab; chronic lung allograft dysfunction; lung transplantation

1. Introduction
Lung Transplant (LT) intermediate term clinical outcomes are significantly diminished, due to the
proclivity for Chronic Lung Allograft Dysfunction (CLAD) or chronic allograft rejection [1]. The
designation of CLAD encompasses two nonexclusive pathophysiologic phenotypes - (1) RestrictiveCLAD (RCLAD) or Restrictive Allograft Syndrome (RAS) and (2) Obstructive-CLAD (OCLAD) or
Bronchiolitis Obliterans Syndrome (BOS) [2]. Currently, there are no described effective therapies
for CLAD, although while palliation is achieved in a minority of patients with such strategies
enhance immunosuppressant therapies, Extra-Corporeal Photopheresis (ECP), anti-reflex surgical
esophageal fundoplication, and Azithromycin; however, consideration for potential re-transplant
may represent the only impactful recourse [1, 3-8]. Both early and late development of Donorspecific HLA Allo-antibodies (DSA) increase the propensity for CLAD, while clinical uncertainty
remain regarding a theoretical salutary effect of treatment of either HLA DSA or Non-HLA autoantibodies [9-12]. Severity of CLAD is characterized by Grade 0-3 for BOS (Obstructive-CLAD) or
RAS (Restrictive-CLAD) by the % decrement in FEV-1 when compared to the maximally achieved
value POST-LT after exclusion of confounding conditions such as acute respiratory infection, acute
cellular rejection, antibody-mediated rejection or mechanical bronchial anastomotic complication
[2, 13, 14].
Interleukin-17 (IL-17) and TH-17 cells mediate the development of Bronchiolitis Obliterans (BO)
in rodent airway and lung allograft transplant models via local elaboration of IL-6; while
neutralization of IL-6 mitigates BO with decreased infiltrating allograft TH-17 cells [15-17].
Tocilizumab (TCZ) is a humanized anti-IL-6α Receptor monoclonal antibody, FDA-approved for
treatment of conditions such as Rheumatoid Arthritis, Castleman’s Disease, Juvenile Rheumatoid
Arthritis, Giant Cell Arteritis and chimeric antigen receptor T- Cell therapy-induced Cytokine
Release Syndrome. TCZ targets both membrane-bound and soluble IL-6R(α), preventing binding of
IL-6 to both IL-6R and signal transducer glycoprotein-130 (GP-130) complex; thereby, effectuating
inhibition of downstream classical signaling and trans-signaling cascades involving the JAK-STAT
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pathway. TCZ effectively decreases circulating neutrophils, myeloid dendritic cells, peripheral
memory B-Lymphocytes, monocytes, and TH-17 cells [18-21]. Conversely, TCZ increases the CD4+/
CD25+/ FOXP3+ T- Regulator (TReg) Lymphocytes [22] that contribute to allograft accommodation
and possibly a state of putative tolerance within the allograft. Importantly, allograft stabilization
and reduction in HLA DSA has been effectuated with TCZ treatment for Chronic Antibody Mediated
Allograft Rejection (cAMR) after renal transplant [23].
Herein, we report our experience with Combination or Sequential strategies with immune
modulation, implementing TCZ, for ‘Salvage Therapy’ in post-LT recipients who are afflicted by
CLAD and had failed conventional therapies with High-dosage Immunoglobulin (IVIG) and
polyclonal Rabbit anti-Thymocyte globulin (RATG).
2. Methods
This study entailed a retrospective review of the clinical course of LT recipients who had
received >3 months therapy with Monthly administration of intravenous Tocilizumab (Actemra)
(TCZ) (4-8 mg/Kg/month). Analysis of POST-LT individual patient clinical data, appropriately
anonymized, had been approved by the Institutional Review Board for Research. Patients may have
received polyclonal Rabbit anti-Thymocyte globulin (RATG) (Thymoglobulin) (3.75-5.25 mg/Kg) or
Rituximab (Rituxan) (350 mg/M2) > 3 months prior to initiation of TCZ as adjunctive therapy. All
LT recipients with detectable anti-HLA DSA or Non-HLA auto-antibodies, received monthly infusion
of High-dosage Immunoglobulin (IVIG) (2 Gm/Kg/Month). Routine office Spirometry assessments
were performed for recipients at intervals of 4-6 weeks PRE- and POST-initiation of TCZ adjunctive
therapy according to American Thoracic Society standardization[24]. The Slopes for Forced
Expiratory Volume-1 sec (FEV-1)/Month were analyzed for the 3-6 month epoch PRE- therapy by
Linear Regression and compared to the FEV-1 data points POST-therapy by paired T-test for
repeated measures (p<0.05). Immunogenetics Laboratory investigations were routinely performed
at 3 month intervals POST-LT by Single Antigen Flow Cytometry for HLA Class I & II Allo-antibodies
and expressed as Mean Fluorescence Intensity (MFI). Additional Non-HLA auto-antibodies were
assessed for both Endothelial Cell antibodies (ECA-1 & 2) and Anti-Angiotensin II Type 1 Receptor
(AT-1R). An exploratory Biomarker assessment of Serum IL-6 Levels by Quantitative Multiplex Assay
(ARUP Labs, Inc.) was obtained prior to initiation of TCZ therapy [Normal: < 5 pg/mL)]as a baseline
prior to enrollment. Clinical courses of patients were reviewed Adverse (AE) or Serious Adverse
Events (SAE) for concurrent reported episodes of infection, malignancy, gastrointestinal, cardiac or
neurologic events and mortality.
3. Results
Our LT Cohort encompassed Nine recipients: Combined Bilateral Lung and Liver (N=1), Single
Lung (N=4) and Bilateral Lung (N=4) with Median Age 65 (23-75) years and M;F gender distribution
7:2. Median (±SD) Time POST-LT was 28±30.9 (4-102) months (Table 1). Severity of CLAD was
Staged as follows: BOS III (N=2), BOS II (N=4), BOS I (N=2), RAS (N=1). Combination / Sequential
immune modulation therapies for the Cohort included: Rabbit Thymoglobulin (N=5), Rituximab
(N=1), High-dosage Monthly IVIG (N=9) in combination with our standard protocol maintenance
triple-drug immunosuppressive regimen including: Tacrolimus + Mycophenolate Mofetil +
Prednisone (0.1 mg/Kg/day).
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Table 1 Demographics.
Transplant Type

Additional Therapies

Lung-Liver (1)
SLT (4)
BLT (4)

RATG (5)
Rituximab (1)
IVIG (9)

CLAD Type /
Stage
BOS III (2)
BOS II (4)
BOS I (2)
RAS (1)

Age (yrs) /
M:F
65(23-75)/7:2

Time PostLT(mos)
2830.9(4-102)

The Serum [IL-6] measured values PRE-TCZ therapy are depicted (Figure 1) with a Median of
11.0±16.2 pg/mL [Normal: < 5.0 pg/mL]. A vignette Summary for individual subjects, responses to
TCZ, and clinical outcomes is depicted (Table 2). Subject #1, a complex case, was characterized by
development of Liver refractory Acute Allograft rejection with detectable auto-antibodies to AT1R
concurrent with development of BOS Stage III involving the Lung Allograft. The patient received
unsuccessful Sequential treatments with RATG, Plasma Exchange (PLEX), Methyl Prednisolone and
High-dosage IVIG; nevertheless, the Total Bilirubin only decreased subsequent to the initiation of
adjunctive TCZ therapy (Figure 2) while stabilization of FEV-1 was maintained over the course of
the ensuing 18 months while receiving TCZ infusion every 4 weeks with exception of brief
discontinuation (6 weeks) concurrent with Parainfluenza Type 4 Bronchiolitis which resolved
without sequelae.
In Figure 3, the FEV-1/Month ‘trends’ are depicted for individual subjects for both PRE- and
POST- (TIME=0) epochs for TCZ therapy. The Linearized Median Slopes for FEV-1/Month for
individual subjects are reported (Table 3) with a Median for the Cohort, PRE:-0.132±0.148 and
POST:-0.012 ± 0.049 L/Month over the course of 12-18 months therapy (P=0.011).

Figure 1 Serum IL-6 concentrations in Serum obtained at baseline prior to treatment
with Tocilizumab (anti-IL6Rα) adjunctive therapy for CLAD. No correlation was
demonstrated (Pearson Product Moment Correlation = 0.069; P>0.05) for IL-6 values
versus FEV-1 L/Month Slope on TCZ therapy however associated with a low Power
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(0.037) due to reduced sample size.
Table 2 Individual subject clinical courses / vignettes.
#1 - Stable BOS Stage 3 after Combined Bilateral Lung + Orthotopic Liver Transplant
and resolved Hyperbilirubinemia associated with concurrent Liver Allograft Acute +
Chronic Rejection x 18 months with 18 Monthly doses TCZ.
#2 - Mild progression (-16% decrement) in FEV-1 with BOS Stage 2 with 6 doses
TCZ.
#3 - Subject experienced G.I. intolerance with TCZ and received total 3 doses TCZ
prior to discontinuation of therapy. Subsequent development of Acute Cellular
Rejection (Grade A-3 / B-2) concurrent with recurrent MDR Pseudomonas aeruginosa
Bronchopneumonia (Cystic Fibrosis); progression of BOS Stage 1 to BOS Stage 2,
transitioned to ECP with FEV-1/Month stability x 3 months.
#4 - Increased FEV-1 (+18%) with 6 months TCZ Therapy; Stable BOS Stage 2.
#5 - Stable BOS Stage 2 x 9 months F/U with total 6 months TCZ therapy; concurrent
Stable BK Viremia + Nephropathy.
#6 - Initial Stable BOS Stage 1 x 9 months with 6 months TCZ therapy; complicated
by Metapneumovirus respiratory bronchiolitis and associated with progression to BOS
Stage 2 (-32% decrement FEV-1), hence treated course of RATG + resumed TCZ with
subsequent Stable FEV-1 x 6 months.
#7 - Improved RAS (+25% FEV-1) over 9 months F/U with total 3 doses TCZ.
#8 - Stable BOS Stage 2 x 9 months F/U with total 4 doses TCZ complicated
presumed ‘Sudden Cardiac Death’ (no autopsy performed).
#9 - Progressive BOS Stage 3 x 7 months F/U with Total 3 doses TCZ, hence with
transition to Palliative Care and patient elected not to pursue program recommended
Re-transplantation
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Figure 2 Case Vignette of Subject #1 depicting the therapeutic response associated
with Tocilizumab therapy on concurrent Liver Transplant rejection (i.e. Total
Bilirubin)[SOLID LINE] and CLAD/BOS Stage 3 (i.e. FEV-1/Month) [DASHED LINE]
Stabilization. [RATG= Rabbit Anti-Thymocyte Globulin, PLEX = Plasma Exchange, IVIG =
High-dosage Intravenous Immunoglobulin, MPS = Methyl Prednisolone pulsedtherapy].

Figure 3 FEV-1/Month Slopes for PRE- and POST-treatment eras for Tocilizumab (T=0).
PRE: -0.132±0.148 and POST: -0.012 ±0.049 Liters/Month over the course of 12-18
Months therapy (P=0.011).
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Table 3 Median slopes for PRE- and POST-TCZ eras.
SUBJECT

PRE

POST

1

-0.436

-0.004

2

-0.101

-0.037

3

-0.132

-0.012

4

-0.093

+0.024

5

-0.121

-0.030

6

-0.060

-0.113

7

-0.374

+0.065

8

-0.136

+0.014

9

-0.384

+0.040

Median  SD

-0.1320.148

-0.0120.049*

*P=0.011

The response of HLA Class I & II DSA and Non-HLA auto-antibodies are depicted (Table 4)
whereupon Weak/Moderate (MFI < 5000) intensity HLA Class I & II DSA decreased in
approximately 75% of subjects while EC-1&2 and AT-1R were unaffected by therapy.
Table 4 HLA Donor-Specific Antibodies (DSA) and NON-HLA Antibodies.

PREPOST-

HLA Class I

HLA Class II

EC-1 & 2

AT-1 Receptor

2
0

6
2

6
6

1
1

HLA DSA MFI were all < 5000
EC-1 & 2 = Anti-Endothelial Cell Ab types 1 & 2
AT-1R= Angiotensin- II Type-1 Receptor Ab

During TCZ therapy, N=2 recipients experienced Community-acquired viral respiratory infection
(Parainfluenza Type 4 and Human Metapneumovirus) while N=1 recipient with preexisting
Polyomaviridae BK Virus Nephropathy (BKVAN) experienced stable BK Viremia and serum
Creatinine parameters. One recipient experienced recurrent gastrointestinal adverse effects with
TCZ (abdominal pain / diarrheal AE) that required discontinuation after 3 total doses. Mortality
occurred in N=2 LT recipients with CLAD, one due to presumed ‘Sudden Cardiac Death’ and one
due to progressive CLAD/BOS-phenotype with chronic respiratory failure after patient decision to
transition to Palliative Care.
4. Discussion
To our knowledge, this report constitutes the first described clinical experience with adjunctive
inhibition of IL-6 – receptor biology with the implementation of TCZ after the development of
CLAD. Post-LT recipients as afflicted by CLAD received treatment with ‘Salvage therapies’ in an
attempt to ameliorate the typical inexorable decrement in Spirometric parameters. Our study
suggests that after introduction of TCZ Monthly intravenous therapy, an amelioration in Median
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Slope decline for FEV-1/Month (PRE: -0.132± 0.148 and POST: -0.012 ± 0.049 L/Month over the
course of 12-18 months of therapy (P=0.011)). Intriguingly, for Subject #1, both FEV-1
demonstrated a maintained stability with BOS Stage III, concurrent with biochemical normalization
of severe hyperbilirubinemia, thereby reflecting resolution of liver allograft rejection and
dysfunction. LT recipients with CLAD all received concurrent High-dosage (2 Gm/Kg) Monthly IVIG
therapy, specifically directed for HLA Class I or II DSA or Non-HLA auto-antibodies in the context of
allograft dysfunction. Adjunctive courses of RATG or Rituximab preceded introduction of TCZ by a
minimum of three months; suggesting the observed effect on FEV-1/Month Slopes were due to an
effect of TCZ on IL-6 – receptor biology. Although not specific for allograft rejection or CLAD, we
conducted an exploratory ‘Biomarker’ assessment of [IL-6] in serum concurrent with initiation of
TCZ therapy. The Median IL-6 of 11.0±16.22 pg/mL was increased compared to Normal (≤ 5.0
pg/mL) suggesting IL-6 is associated with the development of CLAD while future investigations
should include serial IL-6 mensuration during the course of TCZ therapy. The Pearson Product
Moment Correlation for the baseline IL-6 serum levels versus FEV-1 L/Month Slopes on TCZ
therapy was +0.069 (P>0.05) thereby suggesting a “lack of correlation” however the Power was
only 0.037 due to limited sample size (N=9). Importantly, the effect seen on FEV1 utilizing TCZ in
this study suggested that there is more than an association of IL-6 and CLAD and that IL-6 is both
biologically active and involved in part, in CLAD pathobiology. Collective data suggests that IL-17
expression stemming from an allo-reactive response interacts with the lung allografts epithelial
cells augmenting the secretion of ELR+ CXC chemokines, which are known to contribute to CLAD
[25, 26]. More specifically, the ELR+ CXC chemokines expressed from the lung allograft during
CLAD can contribute to neutrophil recruitment and angiogenic activity. Additionally, IL-6 is
upregulated during CLAD ([27], which then can stimulate the ELR+ CXC chemokine-recruited
neutrophils to express additional IL-17, thereby effectuating a ‘positive feedback loop’ that may
ultimately result in vasculopathy and support for the fibroplasia that is characteristic of CLAD. IL-6
also interacts with sIL-6R and this complex can engage with GP-130 expressed on endothelial
cells via the IL-6 trans signaling pathway [28]. Importantly, IL-6 trans signaling can lead to the
upregulation of the angiogenic factors that can induce the vascular remodeling required to support
the fibroproliferative process involved in CLAD [25]. Furthermore, IL-6 can cause upregulation of
IFN from T-Lymphocytes [29]. Importantly, IFN then interacts with endothelial cells to express
CXCL-11 which has been shown to recruit activated mononuclear cells to the lung allograft and
hence, development of allograft lung injury and CLAD [30, 31]. Collectively, these data in
combination with our human studies suggest that TCZ is likely inhibiting angiogenesis and CXCL-11
recruitment of allo-reactive mononuclear cells, thus attenuating the processes of CLAD. Moreover,
IL-6 down-regulates many of the regulatory cells further allowing for ongoing allograft injury and
progressive CLAD and mortality. Our study and the aforementioned potential pathways are
corroborated in animal models of CLAD which demonstrated that neutralization of IL-6 reduces
graft infiltrating TH-17 cells and mitigates BOS [16, 17].
Previous studies have reported that TH-17 and IL-6 contribute not only to chronic rejection in
lung transplant, but also to the chronic rejection of other solid organs [32]. Choi, et al reported
utility of TCZ as a potential treatment for Chronic Antibody-Mediated Rejection (cAMR) and postRenal transplant Glomerulopathy in HLA-Sensitized individuals. The TCZ-treated patients
demonstrated allograft and patient survival rates of 80% and 91% at 6-years, respectively, with
significant reductions in HLA DSA and stabilization of renal function. Importantly, no significant
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adverse events (AE) or severe adverse events (SAE) were observed in their cohort of 36 patients
treated with TCZ ‘Salvage therapy’ [23]. Several Open-label Extension (OLE) observational studies
of > 2 year duration had confirmed treatment efficacy with TCZ in Rheumatoid arthritis with low
immunogenicity with this long term therapy. Safety of TCZ has been supported in nearly a dozen
published Phase 3 & 4 Clinical Trials while potential observed SAE reported in Rheumatoid arthritis
patients had included: Gastrointestinal perforation, malignancy, myocardial infarction and stroke in
an analysis of up to 4.6 years of TCZ exposure [19, 21]. In our study, we observed Communityacquired viral respiratory infection in N=2 recipients and an isolated fatal presumed sudden cardiac
event in one patient. The potential contribution of TCZ to these events with background of chronic
immunosuppressant treatment, would be difficult to assess from this preliminary experience. A
Phase 2, randomized controlled trial of TCZ in N=87 patients with Systemic Sclerosis reported no
difference in incidence of SAE while serious infections were more common in the TCZ versus
placebo group (16% versus 5%, respectively) [33]; hence, a Phase 3 Trial is currently in progress.
Both early and late development of HLA DSA is associated with increased propensity for CLAD.
Further, auto-antibodies to pro-collagen V, AT-1R, K(α)-1 tubulin, vimentin, EC and MICA have been
associated with CLAD [11]. In our study, prior assessments by TBBx histopathology had been
conducted to exclude alternative etiologies for allograft dysfunction. Immunostaining for C4d+
were unrevealing in the assessment for complement deposition and histopathologic evidence for
AMR. Presence of HLA Class I or II DSA or Non-HLA auto-antibodies would be classified as “Possible
Antibody Mediated Rejection” (only 1 of 3 criteria) in the Consensus by International Society Heart
and Lung Transplant [34]. Regardless, inhibition of IL-6 – receptor biology may indeed have
salutary effects for HLA DSA. IL-6 is a predominant cytokine involved in differentiation of B
Lymphocytes to IgG-secreting Plasmablasts and then, Plasma cells. Preliminary experience has
suggested potential efficacy of TCZ for both ‘HLA Desensitization’ and treatment of cAMR with
Renal transplantation [35, 36]. Our study suggested reduction in HLA Class I and Class II DSA in
approximately 75% of subjects during TCZ therapy while no effect on the prevalence of Endothelial
cell (EC-1 & 2) nor AT-1R auto-antibodies.
In summary, our data, although limited by the caveats inherent to a retrospective and single
center design, represent the first reported clinical experience with IL-6 modulation of CLAD
implementing TCZ therapy. The observed effects on both physiologic allograft function and HLA
Class I and Class II DSA are consonant with the translational elucidation from rodent models and
our understanding of the immunologic pathogenesis of CLAD. Extracorporeal Photopheresis (ECP)
has been described to decrease the rate of Spirometric progression of BOS. Morrell, et al. had
reported reduction in FEV-mL/Month Slopes from -116.0 to -28.9 mL/Month [6]. Mechanisms
advanced for an immunologic effect of ECP are myriad, however increase in T-Reg and
inflammatory cytokine modulation has been described with decrease in IL-1α and IL-6 [37-39].
Since costly and labor-intensive ECP is currently not yet FDA-approved for treatment of CLAD in the
U.S., alternative therapies incorporating TCZ may have potentially similar immunologic basis. We
propose that Combination or Sequential ‘Salvage therapeutic strategies’ for CLAD, incorporating
TCZ, would be appropriate for design of multi-center controlled clinical trials.

Page 81/114

OBM Transplantation 2019; 3(4), doi:10.21926/obm.transplant.1904090

Author Contributions
David J. Ross, M.D. - Principal Investigator for design and implementation of retrospective study,
data analyses and manuscript preparation.
Abbas Ardehali, M.D. - Transplant Surgery; manuscript review.
Christine Natori, R.N. – Clinical Nurse Coordinator; data retrieval.
John A. Belperio, M.D. – Co-Principal Investigator and manuscript preparation.
Competing Interests
The authors have declared that no competing interests exist.
References
1.
2.

Thabut G, Mal H. Outcomes after lung transplantation. J Thorac Dis. 2017; 9: 2684-2691.
Verleden GM, Raghu G, Meyer KC, Glanville AR, Corris P. A new classification system for
chronic lung allograft dysfunction. J Heart Lung Transplant. 2014; 33: 127-133.
3. Biswas Roy S, Panchanathan R, Walia R, Varsch KE, Kang P, Huang J, et al. Lung
Retransplantation for chronic rejection: A single-center experience. Ann Thorac Surg. 2018;
105: 221-227.
4. Chionis L, Grossman BJ, Hachem R, Commean P, Derfler MC, Vedantham S, et al. The efficacy
of extracorporeal photopheresis to arrest bronchiolitis obliterans in lung allograft recipients
was compared between two automated photopheresis instruments. Transfusion. 2018; 58:
2933-2941.
5. Karnes HE, Schindler EI, Morrell M, Hachem RR, Berman K, Vedantham S, et al. Factors
associated with mortality and response to extracorporeal photopheresis in lung allograft
recipients with bronchiolitis obliterans syndrome. Transplantation. 2019; 103: 1036-1042.
6. Morrell MR, Despotis GJ, Lublin DM, Patterson GA, Trulock EP, Hachem RR. The efficacy of
photopheresis for bronchiolitis obliterans syndrome after lung transplantation. J Heart Lung
Transplant. 2010; 29: 424-431.
7. O'Hagan AR, Stillwell PC, Arroliga A, Koo A. Photopheresis in the treatment of refractory
bronchiolitis obliterans complicating lung transplantation. Chest. 1999; 115: 1459-1462.
8. Yung GL, Craig V. Lung transplantation and extracorporeal photopheresis: The answer to
bronchiolitis obliterans? Transfus Apher Sci. 2015; 52: 162-166.
9. Martinu T, Chen DF, Palmer SM. Acute rejection and humoral sensitization in lung transplant
recipients. Proc Am Thorac Soc. 2009; 6: 54-65.
10. Martinu T, Howell DN, Palmer SM. Acute cellular rejection and humoral sensitization in lung
transplant recipients. Semin Respir Crit Care Med. 2010; 31: 179-188.
11. Rao U, Sharma M, Mohanakumar T, Ahn C, Gao A, Kaza V. Prevalence of antibodies to lung
self-antigens (Kalpha1 tubulin and collagen V) and donor specific antibodies to HLA in lung
transplant recipients and implications for lung transplant outcomes: Single center experience.
Transpl Immunol. 2019; 54: 65-72.
12. King CS, Cochrane AB. The impact of early de novo donor-specific antibodies on lung
transplant outcomes: Is timing everything? J Heart Lung Transplant. 2016; 35: 1057-1058.

Page 82/114

OBM Transplantation 2019; 3(4), doi:10.21926/obm.transplant.1904090

13. McGiffin DC. Classification of bronchiolitis obliterans syndrome-taxonomic realism or
skepticism. J Heart Lung Transplant. 2002; 21: 941-944.
14. Van Herck A, Verleden SE, Sacreas A, Heigl T, Vanaudenaerde BM, Dupont LJ, et al. Validation
of a post-transplant chronic lung allograft dysfunction classification system. J Heart Lung
Transplant. 2019; 38: 166-173.
15. Shilling RA, Wilkes DS. Role of Th17 cells and IL-17 in lung transplant rejection. Semin
Immunopathol. 2011; 33: 129-134.
16. Lemaitre PH, Vokaer B, Charbonnier LM, Iwakura Y, Estenne M, Goldman M, et al. IL-17A
mediates early post-transplant lesions after heterotopic trachea allotransplantation in Mice.
PloS One. 2013; 8: e70236.
17. Meng Q, Liu J, Lin F, Bao L, Jiang Y, Zheng L, et al. IL-17 contributes to the pathogenesis of
obliterative bronchiolitis via regulation of M1 macrophages polarization in murine heterotopic
trachea transplantation models. Int Immunopharmacol. 2017; 52: 51-60.
18. Smolen JS, Beaulieu A, Rubbert-Roth A, Ramos-Remus C, Rovensky J, Alecock E, et al. Effect of
interleukin-6 receptor inhibition with tocilizumab in patients with rheumatoid arthritis (OPTION
study): A double-blind, placebo-controlled, randomised trial. Lancet. 2008; 371: 987-997.
19. Genovese MC, Rubbert-Roth A, Smolen JS, Kremer J, Khraishi M, Gomez-Reino J, et al.
Longterm safety and efficacy of tocilizumab in patients with rheumatoid arthritis: A
cumulative analysis of up to 4.6 years of exposure. J Rheumatol. 2013; 40: 768-780.
20. Moots RJ, Sebba A, Rigby W, Ostor A, Porter-Brown B, Donaldson F, et al. Effect of tocilizumab
on neutrophils in adult patients with rheumatoid arthritis: Pooled analysis of data from phase
3 and 4 clinical trials. Rheumatology. 2017; 56: 541-549.
21. Rubbert-Roth A, Furst DE, Nebesky JM, Jin A, Berber E. A review of recent advances using
tocilizumab in the treatment of rheumatic diseases. Rheumatol Ther. 2018; 5: 21-42.
22. Sarantopoulos A, Tselios K, Gkougkourelas I, Pantoura M, Georgiadou AM, Boura P.
Tocilizumab treatment leads to a rapid and sustained increase in Treg cell levels in
rheumatoid arthritis patients: Comment on the article by Thiolat et al. Arthritis Rheumatol.
2014; 66: 2638.
23. Choi J, Aubert O, Vo A, Loupy A, Haas M, Puliyanda D, et al. Assessment of tocilizumab (antiinterleukin-6 receptor monoclonal) as a potential treatment for chronic antibody-mediated
rejection and transplant glomerulopathy in HLA-sensitized renal allograft recipients. Am J
Transplant. 2017; 17: 2381-2389.
24. Gardner RM, Hankinson JL. Standardization of spirometry--1987 ATS update (American
Thoracic Society). J Occup Med. 1988; 30: 272-273.
25. Belperio JA, Keane MP, Burdick MD, Gomperts B, Xue YY, Hong K, et al. Role of CXCR2/CXCR2
ligands in vascular remodeling during bronchiolitis obliterans syndrome. J Clin Invest. 2005;
115: 1150-1162.
26. Numasaki M, Watanabe M, Suzuki T, Takahashi H, Nakamura A, McAllister F, et al. IL-17
enhances the net angiogenic activity and in vivo growth of human non-small cell lung cancer
in SCID mice through promoting CXCR-2-dependent angiogenesis. J Immunol. 2005; 175:
6177-6189.
27. Jonigk D, Izykowski N, Rische J, Braubach P, Kuhnel M, Warnecke G, et al. Molecular profiling
in lung biopsies of human pulmonary allografts to predict chronic lung allograft dysfunction.
Am J Pathol. 2015; 185: 3178-3188.
Page 83/114

OBM Transplantation 2019; 3(4), doi:10.21926/obm.transplant.1904090

28. Scheller J, Rose-John S. Interleukin-6 and its receptor: from bench to bedside. Med Microbiol
Immunol. 2006; 195: 173-183.
29. Atsumi T, Sato M, Kamimura D, Moroi A, Iwakura Y, Betz UA, et al. IFN-gamma expression in
CD8+ T cells regulated by IL-6 signal is involved in superantigen-mediated CD4+ T cell death.
Int Immunol. 2009; 21: 73-80.
30. Belperio JA, Keane MP, Burdick MD, Lynch JP, 3rd, Xue YY, Li K, et al. Critical role for CXCR3
chemokine biology in the pathogenesis of bronchiolitis obliterans syndrome. J Immunol. 2002;
169: 1037-1049.
31. Shino MY, Weigt SS, Li N, Palchevskiy V, Derhovanessian A, Saggar R, et al. CXCR3 ligands are
associated with the continuum of diffuse alveolar damage to chronic lung allograft
dysfunction. Am J Respir Crit Care Med. 2013; 188: 1117-1125.
32. Nakagiri T, Inoue M, Minami M, Shintani Y, Okumura M. Immunology mini-review: The basics
of T(H)17 and interleukin-6 in transplantation. Transplant Proc. 2012; 44: 1035-1040.
33. Khanna D, Denton CP, Lin CJF, van Laar JM, Frech TM, Anderson ME, et al. Safety and efficacy
of subcutaneous tocilizumab in systemic sclerosis: Results from the open-label period of a
phase II randomised controlled trial (faSScinate). Ann Rheum Dis. 2018; 77: 212-220.
34. Levine DJ, Glanville AR, Aboyoun C, Belperio J, Benden C, Berry GJ, et al. Antibody-mediated
rejection of the lung: A consensus report of the International Society for Heart and Lung
Transplantation. J Heart Lung Transplant. 2016; 35: 397-406.
35. Sethi S, Choi J, Toyoda M, Vo A, Peng A, Jordan SC. Desensitization: Overcoming the
immunologic barriers to transplantation. J Immunol Res. 2017; 2017: 6804678.
36. Jordan SC, Choi J, Kahwaji J, Vo A. Progress in desensitization of the highly HLA sensitized
patient. Transplant Proc. 2016; 48: 802-805.
37. Bladon J, Taylor PC. The down-regulation of IL1alpha and IL6, in monocytes exposed to
extracorporeal photopheresis (ECP)-treated lymphocytes, is not dependent on lymphocyte
phosphatidylserine externalization. Transpl Int. 2006; 19: 319-324.
38. Lamioni A, Carsetti R, Legato A, Landolfo A, Isacchi G, Emma F, et al. Induction of regulatory T
cells after prophylactic treatment with photopheresis in renal transplant recipients.
Transplantation. 2007; 83: 1393-1396.
39. Lamioni A, Parisi F, Isacchi G, Giorda E, Di Cesare S, Landolfo A, et al. The immunological effects of
extracorporeal photopheresis unraveled: induction of tolerogenic dendritic cells in vitro and regulatory
T cells in vivo. Transplantation. 2005; 79: 846-850.

Page 84/114

OBM Transplantation 2019; 3(4), doi:10.21926/obm.transplant.1904090

Enjoy OBM Transplantation by:
1.
2.
3.
4.

OBM Transplantation

Submitting a manuscript
Joining in volunteer reviewer bank
Joining Editorial Board
Guest editing a special issue

For more details, please visit:
http://www.lidsen.com/journals/transplantation

Page 85/114

Open Access

OBM Transplantation

Case Report
A Silent and Very Early Post-Liver Transplant Death by Candida Arteritis
Kyungmin Ko 1, *, Juan F. Guerra 2, David F. Garvin 1
1. Department of Pathology, MedStar Georgetown University Hospital, 3900 Reservoir Rd NW,
Washington,
DC
20007,
USA;
E-Mails:
Kyungmin.Ko@gunet.georgetown.edu;
david.garvin3@verizon.net
2. Medstar Georgetown Transplant Institute, MedStar Georgetown University Hospital, 3800
Reservoir
Rd
NW,
2PHC
Washington,
DC
20007,
USA;
E-Mail:
Juan.Guerra@gunet.georgetown.edu
* Correspondence: Kyungmin Ko; E-Mail: Kyungmin.Ko@gunet.georgetown.edu
Academic Editor: Yasuhiko Sugawara
Special Issue: Infections in Liver Transplantation
OBM Transplantation
2019, volume 3, issue 4
doi:10.21926/obm.transplant.1904089

Received: August 29, 2019
Accepted: October 24, 2019
Published: October 28, 2019

Abstract
Background: Graft site candidiasis is a serious complication after solid organ transplantation,
often presenting as invasive arteritis leading to graft loss or even death.
Case Report: We report a case of anastomotic site candidiasis leading to arterial rupture and
death at postoperative day 10 with no clinical warning signs. Preservation fluid cultures were
negative and postoperative Doppler ultrasonography did not show vascular compromise.
Postmortem examination revealed microscopic arterial wall abscesses harbouring hyphae
and yeast consistent with Candida species.
Conclusions: Our case demonstrates a particularly early and silent death post-liver
transplant due to Candida arteritis and highlights the limitations of current preventive and
screening measures. We discuss potential routes of contamination and control measures.
Keywords
Candida arteritis; post-liver transplant candidiasis; invasive candidiasis
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1. Introduction
Fungal infection is a well-known, leading cause of morbidity and mortality in patients with solid
organ transplantation (SOT). Candida is the most common fungal pathogen after orthotopic liver
transplantation (OLT), and the most frequent cause of invasive fungal infections [1]. When it
infects the liver transplant recipient, it presents most commonly as candidemia, and less
commonly as peritonitis, abdominal abscess, or biliary tract infection [2]. In rare cases it presents
as arteritis.
Candida arteritis is a devastating form of candidiasis. In SOT recipients this generally occurs as
anastomotic site infection of graft vessels [3-7], often leading to rupture or mycotic aneurysm, and
subsequent graft loss. Here we report a case of invasive Candida arteritis leading to massive
abdominal hemorrhage and death at postoperative day (POD) 10 without any clinical suspicion.
This case, to our knowledge, represents the earliest reported post-OLT mortality resulting from
proven invasive candidiasis, and highlights the limitation of current detection methods.
2. Case Report
The donor was an ABO-compatible 39-year-old man who died of anoxic brain injury secondary
to drug use. The donor did not meet CDC criteria to be considered as a high-risk donor. Liver
function tests (LFTs) were within normal limits at the time of procurement. Pre-transplant biopsy
of the donor liver showed only minimal chronic inflammation, and no macrovesicular or
microvesicular steatosis. Donor antibiotic history included piperacillin/tazobactam and linezolid
for a presumed aspiration pneumonia. There was no known gastrointestinal tract defect, either
before or during procurement. Blood and urine cultures were negative. Sputum gram stain
showed heavy growth yeast, not Cryptococcus species. Standard donor infectious diseases
screening and testing (including HIV, HBV, HCV, CMV, EBV, Toxoplasma, and syphilis) were
performed, and the only positive result was EBV (IgG).
The recipient was a 58-year-old man with alcoholic cirrhosis complicated with a welldifferentiated hepatocellular carcinoma that measured 2.2 cm on contrast-enhanced MRI, which
was treated with transcatheter arterial chemoembolization 8 months prior, with no metastatic
disease. His MELD laboratory score was 9 based on the following parameters: serum creatinine
1.72 mg/dL, bilirubin 1.4 mg/dL, INR 1.1, and serum sodium 138 mEq/L. At the time of transplant,
he denied any infectious issues. Based on his cancer history, the Regional Review Board approved
a MELD exception score of 28 for transplant prioritization purposes, in accordance with United
Network for Organ Sharing (UNOS) protocols.
UW (University of Wisconsin) solution was used as the preservation fluid. The operation was
performed under standard aseptic condition, with no massive intraoperative contamination. The
suprahepatic and infrahepatic venae cavae were anastomosed in an end-to-end fashion. The
donor had a replaced left hepatic artery that was left intact from its origin at the celiac trunk, and
the donor celiac artery was anastomosed to the recipient common hepatic artery in an end-to-end
fashion. Because thrill at the left hepatic artery was weak, the stump of the splenic artery was
used to perform an arterial reconstruction. Arterial intrahepatic flow was confirmed
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intraoperatively using a Doppler. Perfect anastomotic hemostasis was evident at the end of the
case. The donor and recipient ducts matched in size and were anastomosed in end-to-end fashion.
Two #10 Jackson-Pratt drains were placed: one behind the right lobe of the liver, one behind the
biliary anastomosis.
The patient received a standard immunosuppressive protocol including glucocorticoids,
tacrolimus, and mycophenolate mofetil. Intact vascular flow and absence of focal lesions was
demonstrated on postoperative day two by ultrasound. The hepatic graft demonstrated good
function, with postoperative LFTs down-trending on subsequent days. He was intermittently
transfused with a total of 6 units of Red Blood Cells as needed throughout his postoperative
course. Aspirin and subcutaneous heparin were given due to the complex hepatic artery
reconstruction and DVT prophylaxis, and platelet count and coagulation times remained stable.
Prophylactic antibiotic treatment was administered with ciprofloxacin and metronidazole for five
days. He was extubated on day two and tolerated oral feeding from day three. Preservation fluid
culture result was negative. The patient remained afebrile and normotensive throughout his
hospital course, and no postoperative bacterial culture, fungal culture, or beta-D-glucan assay was
ordered.
On postoperative day ten, after an uneventful recovery period with the patient being ready to
be discharged, he reported presyncopal symptoms and immediately became unresponsive, rapidly
progressing to circulatory collapse and death, despite prolonged cardiopulmonary resuscitation.
On postmortem examination, 3.15 L of blood and clot was found in the abdominal cavity.
Meticulous microscopic examination revealed no anastomotic dehiscence of the vascular
anastomoses. Instead, abundant acute inflammatory infiltrates and abscesses on the tissue
surrounding hepatic arteries were seen. Gomori-Methenamine-Silver (GMS) and tissue Gram stain
revealed numerous pseudohyphae morphologically consistent with Candida forming arterial wall
abscesses (Figure 1). Candida albicans and glabrata were isolated from postmortem blood culture.
3. Discussion
The current case demonstrates a fatality from rapid progression of post-OLT anastomotic
Candida arteritis that was discovered upon postmortem examination.
Graft site candidiasis is a distinct form of posttransplant candidiasis. Candida infections in OLT
recipients most commonly present as candidemia, and less commonly as peritonitis, abdominal
abscess, or biliary tract infection [2]. In contrast, arteritis is the main form of Candida occurring at
the graft site. In a review of 25 graft-site candidiasis cases after kidney transplantation, the
majority (14 cases) were renal arteritis [5]. Graft site candidiasis is also associated with PF culture
positivity [3, 5-7]. In a review of 28 liver transplant patients with yeast culture-positive PF, 28.6%
presented with graft site arteritis [7]. Graft-site candidiasis occurs earlier compared with
transplant fungal infections. The median interval to developing candidiasis post-liver transplant is
151 days with an interquartile range of 14 to 1037 days [2]. Cases reported in reviews of liver
preservation fluid (PF) culture positivity [7-9], or case reports [4, 6, 10, 11] show an earlier onset.
The point of Candida entry determines where to direct control measures. The organism may be
transmitted from the donor, introduced during donor organ procurement, or introduced during
transplantation. For individual cases, the source of Candida is usually indeterminate. Several
observations show that Candida most often contaminates the graft prior to transplantation. There
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are cases where multiple recipients from the same donor were affected [4, 5, 12]. The association
between PF culture positivity and graft-site Candidiasis also supports this [3, 5-7]. In some of these
cases, the genotypes of the Candida in different recipients were confirmed to be identical to the
genotype of Candida found in the donor or PF [5, 6].
3.1 Donor Screening and Testing
Donor screening and testing is the principal means of preventing donor-derived infections. The
screening process keeps true donor-derived transmission rare. The Organ Procurement and
Transplantation Network (OPTN) ad hoc Disease Transmission Advisory Committee (DTAC) has
recommended considering any early posttransplant disease as potentially of donor origin [13]. In
the United States, a potential donor-derived transmission of infectious disease is reported to the
OPTN in less than one percent of donors, and many of these are not confirmed disease
transmissions [13]. Fungal infections make up only 15% of this fraction. Most of the time, donors
with fungal sepsis are screened out, since the condition must be communicated to the transplant
center prior to transplantation [14]. Also, OPTN Policies require that donor blood culture is
performed, and results reported to the receiving transplant center.
However, localized infection in the organ or introduction of the organism during procurement
would evade donor screening and testing. It is thought that introduction during procurement is
more likely than true donor transmission [12, 15]. Some suggest that contamination from the
donor’s own gut microbiota occurs during procurement [5, 12], especially when there is donor
antibiotic use, prolonged ICU stay, or trauma to the gastrointestinal tract. In the current case, the
heavy colonization of the respiratory system in the setting of broad-spectrum antibiotics is a
source of contamination during procurement. Communication of risk factors alerts the recipient
center of the possibility of infection, but these risk factors are very common and nonspecific. More
evidence is needed to define the donor or procurement risk factors and to develop evidencebased recommendations.
3.2 Preservation Fluid Culture
PF culture is an indirect test for organisms present on the harvested organ. Unlike donor or
procurement risk factors, positivity is a clear indication for antifungal therapy. The frequency of PF
contamination by Candida vary between institutions and ranges from 3%-9% in kidney
transplantation [16-18], and 0.4-4.1% in liver transplantation [8, 9, 18]. When compared within
the same institution using a standardized microbiological protocol, PF contamination in liver
transplantation (4.1%) seemed to be slightly higher than that in kidney transplantation (3.1%) [18].
The rate of complications among patients with PF culture-positive Candida appears to be smaller
for liver transplant patients than for kidney transplant patients [7]. Neither the American Society
of Transplantation (AST) nor the European Society of Clinical Microbiology and Infectious Diseases
(ESCMID) has found current evidence to be enough to recommend routine culture of preservation
fluid [19, 20], and OPTN Policies do not mandate preservation fluid culture [21]. In contrast,
routine preservation fluid culture is strongly recommended in France by the Agence de la
Biomédecine [22], and it is routinely performed in our institution. To our knowledge there is no
reported sensitivity of PF culture for post-liver transplant candidiasis. It is reasonable to
hypothesize that both the sensitivity of PF culture and rapidity of onset correlates with inoculum
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size. If so, the early onset and PF culture negativity of our case would suggest contamination
during the transplantation or shortly thereafter with a sizeable inoculum.
PF has been implicated as the mediator of infection, but PF culture positivity by itself does not
implicate PF as a mediator of infection [10]. Instead, positivity may result from contact with
organisms already on the graft. In our case, the Candida appeared to be more in continuity with
the outer aspect of the arterial wall, as if it was invading inward from the adventitia, contrary to
what would be expected if infection began intraluminally from the preservation fluid (Figure 1).
Even in PF culture-positive cases, candidiasis predominantly localizes to the arterial anastomosis
site [7]. This appears more consistent with local contamination rather than infection mediated by
perfused fluid.

Figure 1 Photomicrographs of arterial invasion by Candida. Top: Arterial wall abscess (Ab)
near anastomosis site, H&E. The abscess involves the adventitia (Ad) and media. It
disrupts the external elastic lamina and adventitial connective tissue. Bottom: GomoriMethenamine-Silver stain, showing pseudohyphae and budding yeast consistent with
Candida species (inset). There is nonspecific staining in the adventitia. Ab: abscess, Ad:
adventitia, L: arterial lumen.
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3.3 Recipient Monitoring
With no reason for suspicion, we did not treat the patient for Candida, nor did we perform
surgical intervention. This calls into question whether we should consider routine blood culture or
additional diagnostic modalities for monitoring of transplant recipients. For example, the 1,3-β-Dglucan (BDG) assay was found to be a good biomarker to rule out invasive fungal infection [23].
The ESCMID recommends BDG quantification in patients with risk factors or symptoms [24]. Also,
radiologic monitoring is important for detecting aneurysm or rupture and timely surgical
intervention [7]. Considering the unremarkable Doppler ultrasound in our case, abrupt
presentation at a moment of postural change, and brief presyncopal symptom, it is possible that a
defect formed abruptly in an already weakened arterial wall. Closer radiologic monitoring of
recipients may enable detection of silent pathological processes [7]. It may also be worth
exploring imaging techniques for probing structural weakness in the arterial wall before it bleeds.
4. Conclusions
In conclusion, the current case demonstrates that graft site Candida arteritis can be more
insidious and catastrophic than expected and highlights the limitation of donor screening,
preservation fluid culture, and Doppler ultrasound as a means of detection. Other tests such as
routine blood cultures, or beta-D-glucan assay, or improvement in imaging techniques may
deserve consideration for monitoring liver transplant recipients.
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Abstract
Objective: Hematopoietic stem cells transplant (HSCT) requires being preceded by
chemotherapy and radiotherapy. The neutropenia and thrombocytopenia which follows may
be the possible cause of post-transplant complications. It is required that the patient
undergoing transplantation is eradicated of any possible infectious focus. Currently, a
uniform protocol for the oral management of these patients is unavailable.
Methods: The approach for the dental management of each patient was designed as a more
selective protocol, which was based on the type and size of lesions, symptomatology, and
the time available. The samples were divided into three groups, depending on the therapy
that was to be performed (selective protocol, radical protocol, and no treatment). The
© 2019 by the author. This is an open access article distributed under the
conditions of the Creative Commons by Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium or format,
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patients were monitored post-HSCT and all the systemic complications that occurred in the
first 30 days, 100 days, and 6 months were recorded.
Results: In the duration of four years, 159 patients were visited, while only 139 of these
underwent HSCT. No statistically significant differences were observed in the systemic
complications post HSCT among the three groups.
Conclusions: The results of the present study demonstrated that there was no difference
between radical dental management and a more conservative one in regard to the onset of
infectious complications post HSCT. The present study also aimed to provide a novel
approach for the oral management of these patients as the conditioning regimen followed
was less myeloablative compared to those followed in the past.
Keywords
HSCT; oral-management; prevention; infectious complications; infectious focus

1. Introduction
Since the time it was introduced, hematopoietic stem cell transplantation (HSCT) has become
an essential treatment for several patients with malignant and non-malignant hematological
diseases, including acute and chronic leukemias, aplastic anemia, myelodysplastic syndromes, and
lymphomas [1-3].
In addition to the conditioning regimen, with chemotherapy and/or radiotherapy, the patients
undergoing HSCT receive immunosuppressive agents to accomplish engraftment and to prevent
the graft-versus-host disease (GVHD). The subsequent immunosuppression increases the patients’
susceptibility to infections, including the development of severe septicemia [2, 4, 5].
All infectious foci have to be treated prior to the commencement of HSCT in order to reduce
post-transplant complications. The oral cavity is a potential site of infection because it is not a
sterile environment and oral bacteria are able to cause systemic infections. In order to prevent
these complications, it has been recommended to incorporate pre-transplant comprehensive oral
care into the preparatory steps for the patients scheduled to receive HSCT [6-9].
Unfortunately, the guidelines for the management of this kind of patient are ambiguous. As a
matter of fact, the dentist has no indications in regard to which oral diseases have to be
considered "high risky" and which ones not. Therefore, it remains unclear as to which foci require
immediate treatment and which ones could be postponed to the time of discharge from the
hospital without increasing the risk of infectious complications.
Finally, it is important to highlight that the oral care protocol being followed must consider the
general health conditions of these patients for whom HSCT serves as a life-saving therapy. In this
context, in order to avoid failure of transplant, it is necessary that oral foci treatments are
performed immediately and safely. Furthermore, changes in the oral cavity of a person may cause
physical (mastication, phonetics, and aesthetics) and psychological alterations, which should not
be underestimated.
The aim of the present study was to propose a "selective" treatment protocol, for determining
which foci have to be considered more dangerous and which ones not. The ultimate aim of the
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present study was to implement a less invasive dental care for the patients undergoing HSCT [1, 4,
10].
2. Methods
2.1 Patient Characteristics
In the period between the years 2012 and 2016, 159 candidates were referred, for allogenic
HSCT, to the Oral Surgery Department, Dental School, University of Turin, from the division of
Hematology, Città della Salute e della Scienza, in order to receive oral foci evaluation and
treatment. The inclusion criteria for the present study were as follows:
i) patients of either sex;
ii) age > 18 years;
iii) hematological indication to HSCT;
iv) informed consent and the ability to complete the trial.
The local ethics committee approved the clinical protocol followed in the study, and every
patient who was enrolled in the present study provided written informed consent for participation
in the study.
2.2 Treatment Plan
The patients received a dental visit prior to HSCT, in order to evaluate their suitability for the
transplant. In this session, soft and hard tissues of the oral cavity were examined through clinical
and radiographical methods (such as panoramic radiograph and periapical radiographies in case of
teeth with questionable prognosis).
The status of the oral hygiene of these patients was recorded in terms of the periodontal
screening recording (PSR) score, and was subsequently related to the oral treatments conducted
during the pre-transplant oral management.
The following diseases were recorded in the patients: caries, periodontal pockets, periapical
radiolucencies, and impacted third molars.
In order to define the prognosis for each dental element hit by one or more of these lesions,
the following parameters were recorded:
1. Pain: yes/no;
2. Extension of the carious lesion: far from the pulp (>2 mm in rx) or close to the pulp (<2 mm
in rx);
3. Periapical lesion size <5 mm or >5 mm;
4. Coronal seal in the endodontically treated teeth: yes/no;
5. Periodontal probing: presence or absence of a periodontal pocket (<5 mm or >5 mm);
6. Poll furcation: degree I, II, and III;
7. Mobility dental element: degree I, II, and III;
Each doubted dental element was assigned a score based on the parameters mentioned above,
and the prognosis was established. The treatment planning was then scheduled for each patient
according to the protocol presented in Table 1.
According to the general health conditions of these patients, the treatment plan was required
to consider the following factors:
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1. Time for dental care prior to hospitalization;
2. Priority treatment: the necessity to immediately treat the more compromised teeth, which
were considered “at risk”;
3. Healing time: this was dependent on the type of therapy, i.e., for dental extraction, 14 days
would be required to allow the formation of an epithelial barrier around the wound in order
to avoid dangerous contamination by oral bacteria [11-21];
4. Patient’s compliance and oral hygiene.
Table 1 Baseline characteristics and hematological diagnoses of the patients.
SEX

AGE

Male

81

Female

58

Average

50

Min-Max
PATHOLOGIES

19–74

Acute Myeloid Leukemia

58

Chronic Lymphoblastic Leukemia

17

Chronic Lymphatic Leukemia

5

Non Hodgkin's Lymphoma

21

Hodgkin's Lymphoma

10

Multiple Myeloma

13

Myelodysplastic Syndrome

9

chronic myeloid leukemia

2

Chronic myeloproliferative

3

Severe aplastic anemia

1

Finally, the patients visited for follow-up at the time points of 30 days, 100 days (with the
implementation of a novel orthopantomography), and six months after the transplantation; during
these visits, all the infectious complications (fever, mucositis, acute and chronic GVHD, sepsis, and
death by toxicity) were recorded. In addition, any acute episode, involving dental elements which
are considered healthy or not at risk during the pre-transplant examination, was recorded.
In order to perform statistical analysis, the samples were divided into three groups:
• Group A: 46 patients (34%) treated by following the protocol, without treating the initial
and asymptomatic lesions;
• Group B: 39 patients (27%), for whom it was not possible to treat certain deep and
asymptomatic lesions because of lack of time;
• Group C: 54 patients (39%), in whom, after the dental treatment, neither superficial nor
deep lesions could be identified.
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2.3 Statistical Methods
The results of the present study included continuous as well as categorical variables. The
continuous variables were reported in terms of mean and standard deviation. Non-parametric
tests were performed: the Wilcoxon’s signed-rank test for comparison between two correlated
samples involving matched pairs, and the Mann–Whitney test for comparison between two
independent distributions. Categorical variables, reported in terms of count and percentage, were
arranged in cross-correlation tables, and were compared using the X2 test with Yates correction
when all the expected values were greater than five or by using Fisher’s test. Statistical
significance corresponded to a probability of less than 0.05; else the differences could be ascribed
to chance.
All the patients were informed regarding the possible use of their health data for clinical studies
and were asked to sign an informed consent form. The patient data were anonymized prior to
performing analysis. The analysis was performed in accordance with the standards of the local
institutional review board and conformed with the Declaration of Helsinki of 1975 and its
subsequent modifications.
3. Results
Among the 159 patients with hematological malignancies, only 139 underwent HSCT; the other
20 patients did not undergo HSCT because either no appropriate donor could be found or because
of poor general health conditions or premature death.
These 139 patients were subsequently enrolled in the prospective trial. Among the subjects, 81
were male and 58 were female, with the mean age of the group being 50 years (age range: 19–74
years). Among these 139 patients, 126 underwent HSCT with an allogenic donor, while 12
underwent autologous transplantation (3 in group A, 5 in group B, and 4 in group C). Patients were
observed to have been affected by 10 different hematological malignancies; Table 1 presents the
baseline characteristics and hematological diagnosis of the patients.
The first dental visit, which evaluated the patients' dental status, occurred, on an average, in 47
days (DS ±16; range 1–378 days), prior to the conditioning regimen, while the time duration
between the hematological diagnosis and HSCT was, on an average, 23 months (DS ±34).
Hospitalization lasted, on average, for 37 days (DS ±16). Dental treatment was required to be
completed 14 days prior to hospitalization, in order to allow the patients time to heal prior to the
commencement of the conditioning regimen [1].
According to the protocol followed in the present study, dental treatments performed prior to
HSTC were: 214 tooth extractions, 128 mechanical scaling, 13 manual root scaling, 41 tooth fillings,
and 16 endodontic therapies.
Teeth were extracted because of the following pathologies: 57% patients having caries, 37%
having periodontitis, and 5% periapical lesions in the teeth that were already treated
endodontically. One element was because it was involved in BRONJ (Biphosphonate Related
Osteonecrosis of the Jaw) in a female patient suffering from multiple myeloma.
Owing to the lack of time between the first dental visit and the hospitalization in the case of 39
patients, the following asymptomatic lesions were not treated: 13 periodontal pockets with PD >5
mm and 12 deep decays. The following infectious foci were not treated because they were not
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considered “at risk” according to this protocol: eight periapical lesions in already Non-Hodgkin's
treated teeth with intact coronal seal, 51 periodontal pockets with PD <=5 mm, and 33 initial
decays.
In regard to the third molars, six third molars in full bone inclusion and 16 third molars partially
erupted were documented; one of these teeth was symptomatic and was, therefore, extracted in
order to ensure suitability to the HSCT therapy. The other 15 molars were not treated, although
these were controlled clinically and radiographically, prior to and post HSCT.
In the first dental visit, the level of periodontal health was assessed through the PSR score, with
the mean value of the sample obtained to be 2.45. On the basis of the PSR score, the study sample
was divided into two groups:
• Group 1: 78 patients with PSR 1–2;
• Group 2: 61 patients with PSR 3–4.
Extractions, root planing, fillings, and endodontic therapies were observed to be associated
with the oral hygiene of the patients. It was observed that there was a statistically significant
difference (p < 0.05) between the requirement for dental care and the level of oral hygiene of the
patients in the study sample, as presented in Table 2.
Table 2 Differences between Group 1 with good oral hygiene and Group 2 with poor oral
hygiene in the number of treatments.
Oral treatments
Yes
No
Tot
Group 1 PSR 1–2
20
58
78
RR=1,59
p= 0,04
Group 2 PSR 3–4
25
36
61
Total
45
94
139
Data from the three groups (A, B, C) were observed to be linked to oral and systemic infectious
complications (such as fever, mucositis, GVHD, sepsis, and toxicity death), and were analyzed
during the follow-up visits at 30, 100, and 180 days post-HSCT. Table 3 presents the results
obtained; no statistically significant differences were observed among the three groups, in all the
complications recorded in the first six months after the transplant. Sepsis episodes were recorded
during the six months in 12 cases (26%) in Group A, 7 cases (19%) in Group B, and 12 cases (22%)
in group C, with a p-value of 0.73 which represented a non-significant difference.
While the study was being conducted, ten patients died; three due to toxicity and seven
because of the recurrence of the disease. It must be underlined that no acute oral episodes were
recorded during the observation period of six months post-transplant and that there were no
cases of death due to toxicity resulting from an oral infectious focus. Systemic complications, such
as fever, oral mucositis, GVHD, and death by toxicity, appeared to occur in the same proportion in
all the groups.
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Table 3 Outcome of HSCT according to the dental management protocol. Differences
between the infectious complications (fever, mucositis, GVHD, pneumonia, and toxicity
death) in the period 1–30 days, 31–100 days, and 101–180 days after HSCT. Grade of
mucositis: 3 and 4 of the WHO scale [23].
30 days
Group A

Group B

Group C

Fever

21 (46%)

18 (46%)

33 (61%)

p=0.21

Grade 3–4 mucositis

11 (24%)

7 (18%)

13 (24%)

p=0.74

Graft versus host disease (GVHD)

11 (24%)

10 (26%)

15 (28%)

p=0.90

Pneumonia

2 (4%)

1 (2%)

1 (2%)

p=0.75

Transplant related mortality (TRM)

2 (4%)

1 (2%)

2 (4%)

p=0.90

Group A

Group B

Group C

12 (26%)

3 (8%)

12 (22%)

p=0.07

2 (4%)

4 (10%)

1 (2%)

p=0.18

11 (24%)

7 (18%)

14 (26%)

p=0.63

0%

1 (2%)

1 (2%)

p=0.58

1 (2%)

1 (2%)

1 (2%)

p=0.95

Group A

Group B

Group C

5 (11%)

3 (8%)

8 (15%)

p=0.55

0%

0%

1 (2%)

p=0.99

6 (13%)

7 (18%)

10 (19%)

p=0.74

Pneumonia

1 (2%)

2 (4%)

1 (2%)

p=0.61

Transplant related mortality (TRM)

1 (2%)

3 (8%)

3 (6%)

p=0.50

100 days

Fever
Grade 3–4 mucositis
Graft versus host disease (GVHD)
Pneumonia
Transplant related mortality (TRM)

180 days

Fever
Grade 3–4 mucositis
Graft versus host disease (GVHD)

P<0,05 *statistically significant.

4. Discussion
Pre-HSCT dental screening for the identification and treatment of the potential oral sources of
infection has become a standard treatment in the patients scheduled for allografting. The principal
aim of this screening is to reduce morbidity and mortality which may arise from the oral
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complications associated with HSCT during the period of immunosuppression [1]. Although all
potential sources of oral infection should be eliminated by dental treatment prior to HSCT
conditioning, factors such as time limitations and the disease status of the patient frequently
interfere with performing a complete treatment [1, 22, 23]. Owing to the restriction of the time
factor, extraction of the potentially diseased teeth may often be the only option that remains.
However, this treatment may not be consistent with the long-term oral requirements of the
patients, because the removal of multiple teeth may compromise nutrition during and after HSCT
[24]. Furthermore, dental extraction has been reported to be associated with an increased risk of
infection, bleeding, or delayed wound healing, which could result in the requirement of
postponing the scheduled HSCT [1].
One of the most important aspects of the present study was the analysis of the huge difference
in the time between the date of diagnosis of the hematological pathology and the time available
to the dentist for oral management. The availability of a longer period for dental treatment would
allow for a less invasive treatment for the patient, in addition to a more predictable degree of
healing and reclamation at the time of transplantation. Therefore, greater cooperation between
hematologists and dentists is recommended in order to ensure better management of these
patients. The analysis of the PSR score in relation to the requirement of therapies revealed how
treatments are required in all kinds of patients, including the ones with acceptable oral hygiene as
well as the ones with poor oral hygiene. It is recommended that dental advice must be provided to
all the patients waiting for HSCT, regardless of their oral health.
Moreover, in a previous study, comparison between the patients with no dental foci or those
who have received a complete dental treatment and the ones with dental foci or no dental
interventions demonstrated that the impact of dental foci on the occurrence of post-HSCT
infections was not statistically significant [25]. The patients with chronic dental pathology were
reported to be safe to proceed with chemotherapy without dental intervention, as the conversion
of chronic dental disease into an acute state during chemotherapy occurs infrequently. These
reports suggested that intensive pre-HSCT dental treatment is not a necessity. Furthermore,
patients should avoid the additional morbidity or mortality associated with needless treatment.
Consequently, the minimal dental intervention has been recommended, even by several other
studies conducted in past [1, 4, 10].
The clinician should classify the oral infectious lesions on the basis of the extension defined by
the clinical and radiological evaluation and symptoms, as reported above. The dentist should not
treat low-risk lesions if there is not an increased risk of post-HSCT infectious complications. In
order to design a treatment plan, the clinician also requires considering the time available prior to
hospitalization and the patient’s compliance and oral hygiene. Oral hygiene is, in fact,
fundamental to reducing and controlling the bacterial flora in the oral cavity. Therefore, in
addition to the management of oral diseases, dentists and dental hygienists should provide
adequate instructions on oral care during immunosuppression. Prior to dental treatment, all the
patients included in the present study were educated in regard to exfoliating dental plaque which
produces dental caries and marginal periodontitis. The extent to which dental care instruction
influenced the absence of oral infection observed in the present study is unknown, although it is
believed that the instruction was beneficial, as reported in a previous study as well [1].
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5. Conclusions
The combination of sessions of professional oral hygiene and motivation to oral self-care and
the application of a selective protocol, proposed in the present study, may lead to a novel
approach to the treatment of these patients. A more conservative approach has considerable
advantages for such patients, as it avoids interference with their health, either physical or
psychological, which has already been severely compromised by the diagnosis of the
oncohematology disease, without exerting a significant impact on infection complications.
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Abstract
A range of corrective surgical procedures may be required in adult renal transplant
recipients who sustain loss of integrity of the abdominal wall in the first month
postoperatively. Where this involves the fascia, such as in acute fascial dehiscence or in
renal allograft compartment syndrome, more sophisticated reconstructive procedures may
also be required, particularly in the setting of surgical site infection. There is limited data on
the use of prosthetic or biologic mesh for this type of scenario, where urgent reoperative
surgery is required. Three cases are described where placement of prosthetic mesh was
combined with negative pressure wound therapy in order to achieve complete healing of
the abdominal wall.
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1. Introduction
Abdominal wall complications are reported to occur in 3%-19% of renal transplant recipients
post operatively [1-8]. The major risk factors for wound related complications in post renal
transplant recipients include obesity (BMI >30kg/m2), diabetes, increasing age and use of
immunosuppressive drug therapy, including mycophenolate mofetil [1]. There is considerable
morbidity and mortality associated with the postoperative open abdominal wall in combination
with a surgical repair of wound dehiscence [9]. In the setting of deep fascial wound dehiscence,
potential surgical management options include operative repair with either primary closure of the
abdominal wall or the use of prosthetic mesh in reinforcement of fascial closure, or if fascial
closure is not possible [6, 10]. At times, more sophisticated abdominal wall reconstruction
procedures may be required in complex cases [11].
Tension free repair of the abdominal wall may also be required in the setting of acute renal
allograft compartment syndrome (RACS) where reoperative surgery is required [12-14]. RACS
encompasses a spectrum of clinical scenarios where acute renal allograft dysfunction supervenes
secondary to the development of increased pressure in the retroperitoneal compartment resulting
in allograft ischaemia [12]. Treatment options for RACS include intra-peritonealisation of the
allograft, permanent fasciotomy with subcutaneous placement of the allograft and closure of the
skin incision [12], or tension free closure of the abdominal wall using prosthetic mesh at the level
of the fascia [13, 15].
However the complications of utilising mesh in repair of the abdominal wall, particularly in the
setting of a contaminated or infected surgical site, can include infection, fistula formation and
mesh extrusion or hernia recurrence [11, 16, 17]. This has led to the use of biologic mesh to gain
fascial closure, when surgical site infection has coexisted with fascial dehiscence [10, 18]. More
recently Negative Pressure Wound Therapy (NPWT), has been used to facilitate abdominal wall
healing in non-immunosuppressed patients who have had problems with abdominal wall integrity
following surgical procedures where mesh was used [17, 19, 20].
Recently we have been faced with renal allograft recipients where a lack of fascial integrity of
the abdominal wall has become evident during emergency reoperative surgery in the setting of
bacterial contamination and/or infection. The goals of management of the acute post-operative
open abdominal wall are to reduce short terms risks, such as wound-related sepsis and mortality
and morbidity, and long term complications, such as incisional hernia formation. We also consider
the added complexity of managing the abdominal wall in RACS. Hence, we have undertaken a
mesh repair of the fascia and then immediately deployed NPWT, as described in the following
cases.
Ethics approval was obtained by the Sydney Local Health District Ethics Review Committee (RPA
Zone). Each patient provided consent for inclusion in this research paper.
2. Case Description
We describe three cases in which the recipients all underwent a renal transplant in the iliac
fossa using a Gibson incision and were treated with standard immunosuppression according to the
unit protocol [21]. Table 1 summarises the demographics and clinical characteristics of the three
cases. Reoperative surgery was required for either fascial dehiscence (Case 1 and Case 3) or RACS
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(Case 2) within 30 days post-transplant. A mesh repair was indicated due to an inability to
successfully close the fascia in each case. The RACS syndrome in Case 2 was partly due to acute
rejection supervening in a critically ill recipient requiring inotropic support. It was discovered
during reoperative surgery, that there was limited additional space in the retroperitoneum, along
with a suspected infection. The acute rejection was confirmed on analysis of the allograft biopsy
performed during the surgery and was an additional factor in the decision to not close the fascia
due to the allograft being swollen. This recipient then required additional treatment with pulse
methylprednisolone therapy and anti-thymocyte globulin.
As infection was clinically suspected at the time of surgery in each case, the appropriate
cultures were taken and empirical antibiotics were prescribed. The antibiotic therapy was then
tailored according to the microbial sensitivities once available, and in conjunction with infectious
disease consultation. All surgical wounds underwent a thorough washout with sterile normal
saline, tissue debridement and repair of the abdominal wall in the operating theatre. With primary
repair of the fascia not being possible, prosthetic mesh, polypropylene (Prolene, Ethicon Inc.,
Cincinnati, Ohio) or polyglactin (Vicryl, Ethicon Inc., Cincinnati, Ohio) mesh, was inserted in the
preperitoneal plane of the abdominal wall with a minimum of 2cm of mesh underlying the fascia
in two cases (Case 1 and Case2). The fascial edges were approximated at the apices of the wound
only with 1 nylon, with preperitoneal mesh used to bridge the remainder of the fascial defect. The
preperitoneal mesh was secured laterally to the fascia at the edges of the defect, and medially it
was secured anterior to the rectus sheath, with a combination of interrupted 2/0 prolene and 1
nylon sutures. Onlay biologic mesh (Surgisis Biodesign Tissue Graft, Cook Medical, Bloomington,
Indiana) was used to reinforce the abdominal wall fascia in Case 3. The abdominal fascia was
closed with interrupted 1 nylon, and the onlay mesh was secured to the fascia with interrupted
2/0 prolene, with a 4cm overlap. The NPWT foam was then placed anterior to the mesh, and then
immediately deployed at the end of the operative procedure. The management of the NPWT was
according to our unit protocol [22]. An appropriately sized tapered piece of black polyurethane
foam was inserted over the abdominal wall defect and covered with an occlusive dressing, with
the pressure setting maintained at continuous negative pressure of 125mmHg (Vacuum Assisted
Closure, V.A.C Therapy KCI Licensing Inc., San Antonio, Texas). The dressings were changed twice a
week, initially on the ward and then in the outpatient clinic, and wounds were reviewed by the
surgical team during each change. The NPWT was ceased when the surgical site had healed
sufficiently for either delayed primary closure, or healing by secondary intention with simple
surgical dressings.
Reoperative surgery was required in two of the three cases. In Case 2 a second look procedure
was performed 3 days following the insertion of the mesh, by which stage the wound had
improved clinically and was then washed out with normal saline. As the abdominal wall appeared
clean and there were no concerns with respect to the mesh remaining in situ, the skin of the
abdominal wall was closed and the NPWT ceased. However, recrudescence of infection in the
superficial abdominal wall mandated removal of the skin sutures and redeployment of the NPWT a
week later at the bedside. The clinical course of Case 2 subsequently remained uncomplicated. In
Case 3, after there were signs of further infection in the abdominal wall 11 days following
insertion of the mesh, a reoperative procedure was required to remove the biologic mesh, which
appeared to be disintegrating, and replace it with a Vicryl mesh. The NPWT was then placed
anterior to the Vicryl mesh and continued until delayed primary closure was achieved.
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Table 1 Demographics and features of the renal allograft recipients.
Case 1

Case 2

Case 3

Age/Gender

55/ Male

56/ Female

56/ Male

Cause of Renal Failure

Diabetic
Nephropathy

Diabetic Nephropathy

Diabetic and
Hypertensive
Nephropathy

Smoker

No

No

No

Body Mass Index (BMI)
36.9
kg/m2

35

29

Donor

Deceased (DBD)

Living

Deceased (DBD)

Indication for
reoperation
(days post -transplant)

Fascial dehiscence
(day 16)

RACS
(day 3)

Fascial dehiscence
(day 24)

Infection present
(organism cultured)

Yes
(Corynebacterium
jeikeium)

Yes
(Pseudomonas
aeruginosa,
Corynebacterium, Group
B streptococcus,
Enterococcus species,
Citrobacter)

Yes
(Alpha
haemolytic
streptococcus
and
Enterococcus
faecalis)

Antibiotics given
(empirical/targeted)

Cefazolin

Tazocin/ Cefepime

Ampicillin/Tazocin and
Augmentin duo forte

Type of mesh inserted

Polypropylene

Polyglactin

Biologic (Surgisis)

NPWT (black foam)
placed over mesh

Yes

Yes

Yes

Yes, reinforcement with
Yes, closure of abdominal onlay Vicryl mesh
wall
secured with 2/0
Prolene sutures.
Yes, debridement and
Nil (reapplication of
closure of abdominal
NPWT on the ward)
wall

Secondary surgical
procedures

Nil

Third Surgical
procedures

Nil

Duration NPWT

73 days

55 days

55 days

89 days

72 days

114 days

Nil
(8 months)

Nil
(36 months)

Nil
(28 months)

Time to healing of
abdominal wall post
transplant
Hernia recurrence on
clinical assessment
(time of last follow up)
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Overall, management of the NPWT in conjunction with synthetic mesh was complicated by
problems with the abdominal wall requiring further intervention in two out of the three cases,
however it facilitated complete healing of the abdominal wall in all three. Dressing changes were
performed every 3-4 days with the abdominal wall being inspected by a member of the surgical
service on each occasion. In one of the cases (Case 3), concerns over efficacy of the NPWT
prompted that a third reoperative procedure be performed 43 days following the second
reoperative procedure to remove excess inflammatory scar tissue from the subcutaneous tissue
layer. As the mesh was well healed into the abdominal wall, delayed primary closure of the skin
was performed at that stage and the abdominal wall healed without further incident. All patients
were followed up in the outpatient clinic and assessed clinically for any abdominal wall
complication, at the time of last follow up, no patients had a clinically apparent incisional hernia.
3. Discussion
Obtaining tension free, abdominal wall closure in the context of an infected surgical site in
renal transplant recipients is challenging and not well described in the literature. We have
described the technique of using mesh repair combined with NPWT for three cases in which
abdominal wall integrity has been lost. This was secondary to complete fascial dehiscence in either
overweight or obese recipients or where the abdominal wall could not be closed primarily due to
the risk of increased retroperitoneal compartment pressures in the setting of RACS.
In an era where renal transplantation is increasingly being performed on recipients with a BMI
over 30kg/m2 [4], it can be expected that at times difficult scenarios will arise, including in the
more challenging subgroup who sustain loss of fascial integrity within the spectrum of abdominal
wall complications that are seen in practice. Our three cases were diabetic, over the age of 50
years and had an average BMI of 33.6kg/m2. Therefore they were more likely to have an increased
rate of surgical site complications as seen in individuals with these risk factors, within this
particular BMI range of overweight, obese and morbidly obese [1, 23].
Traditionally, the insertion of prosthetic mesh into a contaminated surgical field was not
recommended, due to the risk of ongoing mesh infection. However synthetic mesh has been used
successfully in the repair of contaminated or infected abdominal wall hernias in transplant
recipients [6], as well as in non-transplant patients requiring reconstruction of an infected
abdominal wall also with mesh [24, 25].
Given NPWT has been used to salvage infected mesh in the context of incisional hernia repair
of the abdominal wall, including in the presence of polypropylene and polyglactin mesh [17, 19, 20,
26]; the technique of combining mesh repair with NPWT was then felt to be a feasible approach
when a similar scenario arose in a renal allograft recipient. Moreover, both Case 1 and Case 3
illustrate that it may be possible to combine the use of prosthetic mesh and NPWT in achieving
wound healing for an infected surgical fascial dehiscence. Although in Case 3 the abdominal wall
fascia was repaired initially with biologic mesh and then managed with NPWT, subsequently this
required revision with Vicryl mesh with the NPWT being continued.
Although the approach of using biologic mesh combined with NPWT has been described for
managing abdominal wall complications in renal allograft recipients, in only one case was the
mesh inserted into the abdominal wall at the transplant surgical site, and this was once the
allograft had been removed for complications [18]. The difference in our three cases, was that the
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renal allograft remained in situ and the aim was to achieve abdominal wall healing despite the
presence of mesh and hence also preserve the allograft.
In other settings, closure of the open abdomen following laparotomy has been facilitated via
placement of a permanent onlay mesh as a form of mesh mediated fascial traction, combined with
negative pressure wound therapy [27]. This has been shown to improve fascial closure rates, as
well as reduce incisional hernia rates with minimal incidence of mesh infection or prolonged
wound healing [27]. A similar approach was adopted for Case 2 who had developed RACS, where
not only was infection diagnosed clinically and confirmed with positive cultures, but the allograft
was also initially swollen due to acute rejection. Therefore, the deep and superficial abdominal
wall layers could not be closed primarily without tension and potentially risk increasing
compartment pressures. This differs from previous reports, where mesh hood fascial closure
techniques have been used in renal allograft recipients with RACS [13, 15]. Furthermore, in these
other reported cases, where there was no abdominal wall contamination or infection, the
superficial layers were immediately closed over the implanted mesh.
The use of biological mesh in dirty, contaminated and clean-contaminated wounds has been
described [28-30], including in a systematic review [31]. Moreover, the reported infection and
hernia recurrence rates are highly variable, and mesh explanation although reported, was not
common [31]. Up to now, there have been a handful of reports which describe biologic mesh
being used in the management of complex abdominal wall issues in adult renal transplant
recipients [10, 18, 32]. In Case 3 biologic mesh made from porcine small intestinal submucosa was
used according to surgeon preference. However, this case was complicated by surgical site
infection and mesh disintegration, requiring debridement and reinforcement with a Vicryl mesh.
Hence it is possible that the infection which was present in the abdominal wall at the time that the
biologic mesh was inserted, then contributed to the breakdown of the mesh [18, 33]. Currently
there is limited evidence for the utility of biologic mesh versus synthetic mesh in the setting of
infection or contamination in the abdominal wall following other types of surgery [24, 25, 34].
Until there is more evidence for favourable outcomes with the use of biologic mesh in this setting
[35], we believe that it remains a less favoured option compared to using other synthetic meshes,
such as polypropylene or polyglactin mesh. Furthermore, whilst the use of polypropylene
synthetic mesh is generally considered contra-indicated in contaminated wounds, it was a
successful strategy for achieving wound healing in combination with NPWT in Case 1.
The management algorithm proposed by some centres for infected abdominal hernias in renal
transplant recipients include a temporary repair with a prosthetic mesh until the abdominal wall
appears healthy, followed by definitive repair with reconstruction of the fascia using a tensor
fascia lata graft [11]. Due to the emergency nature of the surgery required in each of our three
cases, it was not practical to undertake component separation of the abdominal wall along with a
complex reconstruction. This approach would have involved far more major surgery, and following
the initial success with our first case of combining mesh repair with NPWT, we elected to continue
this approach of using NPWT to achieve wound healing.
Although the combination of abdominal wall repair with prosthetic mesh and NPWT can be a
successful strategy for some adult recipients with infected abdominal wall dehiscence or RACS to
achieve wound healing, this case series is limited by its small size, and the use of mesh was
different between cases. The duration of wound healing ranged from 72 to 114 days, which, in
conjunction with the financial cost of the NPWT dressing and clinical resources required, adds
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considerable burden to the postoperative care of these patients [36]. Furthermore, the long term
outcomes of abdominal wall hernia recurrence remain unknown, and there continues to be
limited published data on the effectiveness of NPWT for achieving wound healing despite its wide
spread use in clinical practice [36, 37]. Factors such as the type of mesh used (biologic versus
synthetic), the degree of contamination, and the extent of loss of abdominal wall integrity should
be examined in future studies in order to develop a better management algorithm for this subset
of renal transplant recipients with complex, infected abdominal wall defects.
In conclusion, these complex cases indicate it is possible to undertake a prosthetic mesh repair
of the deep fascia in renal allograft recipients in whom abdominal wall infection is also suspected
at the time of surgery, and then immediately deploy NPWT in order to achieve wound healing.
However, a significant degree of caution and vigilance is required, as the possibility of further
procedures being required remains high. Consideration also needs to be given to using a
conventional type of prosthetic mesh in light of potential unforeseen issues with biologic mesh.
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